UNCLASSIFIED 


> 


V 


AD 


1 08 


LEVEL *,(D 


MISSISSIPPI  -  KASKASKIA  -  ST.  LOUIS  BASIN 


BOWLING  GREEN  DAM 
PIKE  COUNTY,  MISSOURI 
MO  10262 


DT1C 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


RED  BY:  U.  S.  ARMY  ENGINEER  DISTRICT,  ST.  LOUIS 

IT  ATE  OF  MISSOURI 

Thto  hew  SSwT 

far  public  ratoon  and  ill 
dtotrtbmtop  to  torttadtoj. 


DECEMBER  1978 

81  10  2  222 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Enta/id) 

r~  REPORT  DOCUMENTATION  PAGE 


REPORT  NUMBER 


2.  GOVT  ACCESSION  NO. 


READ  INSTRUCTIONS 
_ BEFORE  COMPLETING  FORM 

~T  RECIPIENT’S  CATALOG  NUMBER 


4.  TITLE  (and  Subtitle) 

Phase  I  Dam  Inspection  Report 
National  Dam  Safety  Program 
Bowling  Green  Reservoir  Dam  (MO  10262) 
Pike  County,  Missouri 

7-  AUTHORf.) 

Anderson  Engineering,  Inc. 


s.  type  of  report  a  period  covered 


Final  Report 

6  PERFORMING'ORG.  REPORT  NUMBER 


A.  CONTRACT  or  GRANT  NUMBERf.) 


9.  PERFORMING  ORGANIZATION^  AME  AND  ADDRESS 

U.S.  Army  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  6 3101 

H.  CONTROLLING  OFFICE  NAME  ANO  AOORESS  ’ 

U.S.  Army  Engineer  District,  St.  Louis  •  /j 

Dam  Inventory  and  Inspection  Section,  LMSED-PD  •  ~- 
210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

U.  "MONITORING  AGENCY  NAME  A  AODRESV"  dill., apt  from  Controlllna  Of  Ilea) 


DACW43-78-C-0166 


W-  T»WCreRFlM"Bt.eMgWT,  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


-12 — gggaax.  OAXB 
DecwNr  1978 

13.  NUMBER  OF  PAGES' 

Approximately  70 _ 

IS.  SECURITY  CLASS,  (of  thla  report) 


UNCLASSIFIED 

15*.  DECLASSIFICATION/1  DOWNGRADING 
SCHEDULE 


[  IB.  DISTRIBUTION  STATEMENT  (o t  thla  Raport) 


Approved  for  release;  distribution  unlimited. 

: ‘  /  /  •  A/  "■ 


1 

!  .  /  ( 


17.  9ISTRIBUTIOM  ST  AT  KM  KMT  (Of  thm  mbmirmc^'bntmtmd  In  Block  20,  It  dltfmrmnt  from  Rmport) 


IT*.  SUPPLCMEHTARY  NOTES 


National  Dam  Safety  Program.  Bowling 

Green  Dam,  (MO  1^262) 

Mississippi  -  Kaskaskia  -  St.  Louis 
Basin,  Pike  County,  Missouri. 

Phase  I  Inspection  Report. 


If.  KEY  WORDS  (Continue  on  rororoo  ml  dm  It  nmcmmmmry  mnd  tdmntlty  by  block  number} 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 


ABSTRACT  fTwlWiii  om  mmw  Mil  ft  nwwy  mad  tdmnllty  by  block  nvmbmr) 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 

/\ 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PAGE 


RESPONSIBILITY .  The  controlling  Put)  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page,  DD  Form  1473,  in 
all  technical  reports  prepared  by  or  for  DoD  organizat  ions 

CLASSIFICATION.  Since  this  Report  Documentation  Page,  DD  Form  1473.  is  used  in  preparing  announcements,  bibliographies,  and  data 
banks,  it  should  be  unclassified  if  possible  If  a  classific  ation  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 
symbol. 


crj  -ETION  GUIDE 


General.  Make  Blocks  1.  4,  5,  6,  7,  11,  13,  IS.  and  16  agree  with  the  c  orresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 


Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2.  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient's  Catalog  Number.  Leave  blank.  This  space  is  for  the  use  of  the  report  recipient  to  assist  in  future 
retrieval  of  the  document. 

Block  4r  Title  and  Subtitle.  Enter  the  title  in  all  capital  letters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whenever  possible.  Write  out  the  English  equivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  ( see 
“Abstracting  Scientific  and  Technical  Reports  of  Defense-sponsored  RDT/E,  “AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  or  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  has  a 
title  in  a  foreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. 

Block  5.  Type  of  Report  and  Period  Covered.  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  ir  a  final  contractor  report. 

Block  6.  Performing  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  1,  such 
as  series  numbers  for  in-house  reports  or  a  contractor/ grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  space  blank. 

Block  7.  AuthorfsL  Include  corresponding  information  from  the  report  cover.  Give  the  namefsj  of  the  author(sj  in  conventional 
order  (for  example,  John  R.  Doe  or,  tf  author  prefers,  J .  Robert  Doe).  In  addition,  list  the  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization. 

Block  8.  Contract  or  Grant  Numberfs,).  For  a  contractor  or  grantee  report,  enter  the  complete  contract  or  grant  numberfs)  under 
which  the  work  reported  was  accomplished.  Leave  blank  in  in-house  reports. 

Block  9.  Performing  Organization  Name  and  Address.  For  m-house  reports  enter  the  name  and  address,  including  office  symbol, 
of  .  performing  activity.  For  contractor  or  grantee  reports  enter  the  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  and  identify  the  appropriate  corporate  division,  school,  laboratory,  etc.,  of  the  author.  List  city,  state,  and  ZIP  Code. 


Block  10.  Program  Element,  Project,  Task  Area,  and  Work  Unit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  “Research  and  Technology  Work  Unit  Summary"  or  the  DD  Form  1634. 
"Research  and  Development  Planning  Summary,"  which  identifies  the  program  element,  project,  task  area,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized. 

Block  11.  Controlling  Office  Name  and  Address.  Enter  the  full,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  funding/ sponsoring  agency.  For  definition  see  DoD  Directive  5200.20,  *' Distribution  Statements  on 
Technical  Documents.") 


Block  12.  Report  Date.  Enter  here  the  day,  month,  and  year  or  month  and  year  as  shown  on  the  cover. 


Block  13.  Number  of  Pages.  Enter  the  total  number  of  pages. 


Block  14.  Monitoring  Agency  Name  and  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
office  does  not  directly  administer  a  project,  contract,  or  grant,  but  delegates  the  administrative  responsibility  to  another  organization. 


Blocks  15  It  15s  Security  Clsssificstion  of  the  Report:  DecUssification/Downgrading  Schedule  of  the  Report.  Enter  in  15 
the  highest  clsssificstion  of  the  report.  If  epproprlste.  enter  in  15e  the  declassificstion/downgrading  schedule  of  the  report,  using  the 
abbreviations  for  declassification/downgrading  schedules  listed  in  paragraph  4-207  of  DoD  5200. 1-R. 

Block  16.  Distribution  Statement  of  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20,  “Distribution  Statements  on  Technical  Documents." 


Block  17  Distribution  Statement  ( of  the  abstract  entered  in  Bloch  20.  it  ditferent  from  the  distribution  statement  of  the  report). 
Insert  here  the  applicable  distribution  statement  of  the  abstract  from  DoD  Directive  5200.20,  “Distribution  Statements  on  Technical  Doc- 
umenta" 


Block  18.  Supplementary  Notes.  Enter  information  not  included  elsewhere  but  useful,  such  as:  Prepared  in  cooperation  with 
analation  of  (or  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  .  . 


Block  19.  Key  Word*.  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  report,  and  are 
sufficiently  specific  and  precise  to  be  used  as  index  entries  for  cataloging,  conforming  to  standard  terminology.  The  DoD  Thesaurus 
of  Engineering  and  Scientific  Terms"  (TEST).  AD-672  000,  can  be  helpful. 


Block  20  Abstract  The  sbatrsct  should  be  a  brief  (not  to  exceed  200  words)  factual  summary  of  the  most  significant  informa¬ 
tion  eontaine3  in  the  report.  If  possible,  the  sbstrsct  of  a  classified  report  should  be  unclassified  and  the  abstract  to  an  unclassified 
report  should  consist  of  publicly,  releasable  information.  If  the  report  contains  a  significant  bibliograj^y  or  literature  aunte^ mention 
it  here.  For  information  on  preparing  abstracts  see  “ Ah*' 

AD-667  000. 


'Abstracting  Scientific  and  Technical  Reports  of  Defense-Sponsored  RDTStE, ’ 


Hll.S.  G.P.0.  1980-665-U1/I299 


po 


DEPARTM I  NT  OF  THE  ARMY 
ST.  LOUIS  DISH'  :'T,  CORPS  OF  F.NG,NEERS 
210  NORTH  I2TH  STREET 
ST.  LCUU-.  MISSOURI  63101 


SUBJECT:  Bowling  Green  Dam,  MO  ID  No.  10202 


This  report  presents  the  results  of  field  inspection  and 
evaluation  of  the  Bowling  Green  Dam.  It  was  prepared  under 
the  National  Program  of  Inspection  of  Non-Fcderal  Dams. 


SUBMITTED  BY: 


Chief,  E? 


Division 


9  FEB  1970 


APPROVED  BY: 


Colonel,  CE,  l)i sTTt'c t  E ng  ineer 


Accession  For 
NT IS  GKAil 

dtic  tab 

Unannounced 

Justification— 


distribution/ 
Availability  Codec 
Avail  and/or 
L-t  1  Special 


BOWL  INC  GREEN  DAM 


Anderson 

Hanson 


PIKE  COUNTY,  MISSOURI 
MISSOURI  INVENTORY  NO.  10262 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Prepared  By 

Engineering,  Inc.,  Springfield,  Missouri 
Engineers,  Inc.,  Springfield,  Illinois 


For 


The  Governor  of  Missouri 


December,  1978 


PI  IASI:  !  RH POR  I- 
NATIONAL  PAM  SAFIiTY  PROGRAM 


Name  of  Pam:  Bowling  Green  Pam 

State  Located:  Missouri 

County  Located:  Pike  bounty 

Stream:  Unnamed  Tributary  to  Noix  Creek 

Pate  of  Inspection:  27  September  1978 

Bowling  Green  Pam  was  inspected  by  an  interdisciplinary 
team  of  engineers  from  Anderson  P.ng  incer  i  ng ,  Inc.  of  Spring- 
field,  Missouri  and  Hanson  bngincers,  Inc.  of  Springfield, 
Illinois.  The  purpose  of  the  inspection  was  to  make  an 
assessment  of  the  general  condition  of  the  dam  with  respect 
to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  the  dam  poses  hazards  to  human  life 
or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by 
the  Department  of  the  Army,  Office  of  the  Chief  of  engineers, 
and  they  have  been  developed  with  the  help  of  several  Federal 
and  State  agencies,  professional  engineering  organizations, 
and  private  engineers.  Based  on  these  guidelines,  this  dam 
has  been  classified  by  the  St.  Louis  District  Corps  of 
engineers  as  an  intermediate  size  dam  with  a  h igh  downstream 
hazard  potential.  Their  estimate  of  the  damage  zone  extends 
10  miles  downstream  of  the  dam.  Within  the  damage  zone  are 
one  house,  eight  farm  complexes,  one  railroad  bridge,  one 
state  highway  bridge,  and  three  improved  road  bridges. 

Our  inspection  and  evaluation  indicates  that  the  com¬ 
bined  spillways  do  not  meet  the  criteria  set  forth  in  the 
guidelines  for  a  dam  having  the  above  size  and  hazard  poten¬ 
tial.  The  spillway  will  pass  45  percent  of  the  Probable 
Maximum  Flood  without  overtopping.  The  Probable  Maximum 
Flood  is  defined  as  the  flood  discharge  that  may  be  expected 
from  the  most  severe  combination  of  critical  mcteorologic 
and  hydrologic  conditions  that  are  reasonably  possible  in 
the  region.  The  guidelines  require  that  a  dam  of  inter¬ 
mediate  size  with  a  high  downstream  hazard  potential  pass 
100  percent  of  the  PMF.  The  spillway  will  pass  a  100 -year 
frequency  flood  without  overtopping.  The  100-ycar  frequency 
flood  is  one  that  has  a  l  percent  chance  of  being  exceeded 
in  any  given  year. 

The  embankment  and  appurtenances  inspected  appear  to  be 
in  good  condition.  Minor  deficiencies,  including  erosion, 
seepage,  and  brush  and  tree  growth  were  noted  and  should  be 


corrected  by  the  owner.  Seepage  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  another 
deficiency  that  should  be  corrected.  A  detailed  report 
describing  the  dam  and  these  deficiencies  is  attached. 
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PRODUCT  INFORMATION 


1.1  GI-NLRAL : 


A.  Authority: 

The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps 
of  engineers,  to  initiate  a  program  of  safety  inspection 
of  dams  throughout  the  United  States.  Pursuant  to  the  above, 
the  St.  Louis  District,  Corps  of  engineers ,  District  engi¬ 
neer  directed  that  a  safety  inspection  he  made  of  Bowling 
C.recn  Dam  in  Pike  County,  Missouri, 

B.  Purpose  of  Inspection; 

The  purpose  of  the  inspection  was  to  make  an  assessment 
of  the  general  condition  of  the  dam  with  respect  to  safety, 
based  upon  available  data  and  a  visual  inspection  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

C.  evaluation  Criteria: 

Criteria  used  to  evaluate  the  dam  were  furnished  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  engineers, 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams." 

These  guidelines  were  developed  with  the  help  of  several 
federal  agencies  and  many  state  agencies,  professional 
engineering  organizations,  and  private  engineers. 

1.2  PhSCR  I  PT  ION  OF  PRO.JliCT: 

A.  Description  of  Dam  and  Appurtenances: 

Bowling  Green  Dam  is  an  earth  fill  structure  approxi¬ 
mately  73  ft  high  and  660  ft  long  at  the  crest.  The  appur¬ 
tenant  works  consist  of  a  water  supply  intake  tower  and  12 
in.  diameter  cast-iron  pipe  which  is  located  near  the  center 
of  the  dam,  and  a  concrete  chute  spillway,  which  is  located 
about  400  ft  south  of  the  east  abutment.  The  water  supply 
intake  structure  contains  a  valve  which  can  be  used  for 
partial  drawdown  of  the  lake  (to  elevation  780.0).  Two 
additional  valves  arc  located  upstream  of  the  intake  tower 
for  supplementary  drawdown  (intakes  at  elevations  760.0  and 
739.5).  Sheet  3  of  Appendix  A  shows  details  of  the  intake 
tower,  valves,  and  a  transverse  section  of  the  embankment. 

B.  Location: 

The  dam  is  located  in  the  central  part  of  Pike  County, 
Missouri  on  a  small  tributary  of  Noix  Creek.  The  dam  and 
lake  are  within  the  Bowling  Green,  Missouri  quadrangle 


sheet,  2  miles  east  of  Howling  Green  (NIV  1/1  Section  29, 

Twp.  53\',  R2  W- -  1  at  i  tude  39°  2  0  .  (>  ’  ;  longitude  91°  9.2'  ). 

Sheet  1  of  Appendix  A  shows  the  general  vicinity  of  the  dam 
and  a  plan  of  the  immediate  area  of  the  dam  and  lake. 

C . _ Size  (2  1  as  s  i  f  ica  t_i  o_n  : 

With  an  embankment  height  of  73  ft  and  a  maximum 
storage  capacity  of  approximately  1  <> 9 1  acrc-ft,  the  dam  is 
in  the  intermediate  size  category. 

0.  Hazard  Cl  as  s i f i cat  ion  : 

The  St.  Louis  District,  Corps  of  engineers  has  classi¬ 
fied  this  dam  as  a  high  hazard  dam.  Their  estimate  of  the 
damage  zone  extends  10  miles  downstream  of  the  dam.  Within 
the  damage  zone  arc  one  house,  eight  farm  complexes,  one 
state  highway  bridge,  one  railroad  bridge,  and  three  improved 
road  bridges. 

h .  Ownership : 

The  dam  is  owned  by  the  City  of  Bowling  Green,  Missouri. 

lh _ Purpose  of  Dam : 

The  purpose  of  the  dam  is  to  supply  water  to  the  city 
of  Bowling  Green,  although  some  flood  prevention  is  also 
provided. 

G_. _ Design  and  Construction  Hi  s  t  o  r  y  : 

The  dam  was  designed  by  Haskins,  Riddle  and  Sharp  Con¬ 
sulting  engineers  of  Kansas  City,  Missouri,  constructed  by 
L.  W.  Rincy  Construction  Company  of  Hannibal,  Missouri,  and 
completed  in  1954.  Plans  for  construction  are  available 
(obtained  from  George  Butler  f,  Associates  of  Kansas  City, 
Missouri)  and  have  been  used  to  prepare  this  report.  There 
has  been  a  significant  problem  concerning  seepage  through 
the  west  abutment  since  the  dam  was  built.  extensive  pres¬ 
sure  grouting  of  the  west  abutment  was  done  in  1959,  and 
some  grouting  of  the  east  abutment  was  also  done.  It  is 
reported  that  the  grouting  operation  reduced  the  amount  of 
seepage  from  about  390,000  gallons  per  day  to  about  90,000 
gallons  per  day.  However,  in  April  1903,  it  was  reported 
that  the  leakage  was  200,000  gpd.  A  lean  concrete  fill  was 
subsequently  placed  at  the  west  abutment -dam  contact  (up¬ 
stream)  in  a  further  attempt  to  reduce  seepage.  Recent 
measurements  indicated  the  seepage  to  be  between  50,000  and 
70,000  gpd. 
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Normal  outflow  from  the  lake  is  carried  by  a  12  in. 
cast-iron  pipe  for  water  supply,  whereas  a  concrete  chute 
spillway  would  come  into  operation  for  floods.  The  con¬ 
cession  stand  operator  at  the  site  indicated  that  the  chute 
spillway  is  used  primarily  in  the  spring  of  the  year. 

1.5  PERT  INI- NT  DATA: 

Pertinent  data  about  the  dam,  appurtenant  works,  and 
reservoir  are  presented  in  the  following  paragraphs.  Sheet 
2  of  Appendix  A  is  a  plan  of  the  embankment  and  spillway. 
Sheet  3  presents  details  of  the  inlet  structure  and  a  typical 
embankment  section.  Sheet  4  shows  a  plan  and  profile  of  the 
spillway.  Presented  on  Sheet  5  are  sections  of  the  spillway. 

A.  Drainage  Area: 

The  drainage  area  for  this  dam,  as  obtained  from  the 
Bowling  Green,  Missouri  15  minute  quadrangle  sheet,  is  equal 
to  approximately  900  acres. 

B.  Elevations  (feet  Above  M.S.L.): 

(1)  Top  of  Dam  (measured):  West  end  804.3;  Center  801,3; 
hast  end  803.8;  Lowest  point  801.0. 

Top  of  Dam  (Plans  for  Construction):  805. 0 

(See  existing  Top  of  Dam  Profile-Sheet  6  of  Appendix  A) 

(2)  Spillway  Crest:  Plans  for  Construction  795.0;  Measured 
795.0. 

(3)  Spillway  Outlet:  Plans  for  Construction  770.0;  Measured 
7  b  9 . 8  . 

(4)  Maximum  Design  Pool:  801.0. 

(5)  Pool  on  Date  of  Inspection:  Measured  790.3. 

(6)  Apparent  High  Water  Mark  of  Record:  Reported  798  to 

799.  ' 


(7)  Streambed  at  Centerline  of  Dam:  Plans  for  Construction 
728. 


(8)  Maximum  Tailwatcr:  Unknown . 

C.  Discharge  at  Dam  Site: 

(1)  All  normal  discharge  at  the  dam  site  is  through  the  12 
in.  water  supply  pipe  and  an  uncontrolled  spillway. 


(2) 

Ls 

2_5_ 

tiinated  Discharge  Capacity 
25  c  fs  . 

at  Top  of  Dam  (01.  801.0) 

l\_ 

Reservoir  Surface  Areas: 

(1) 

At 

Spillway  Crest:  Plans  for 

Construction  45  acres. 

(2) 

At 

Top  of  Dam:  54  acres. 

L. 

Storage  Capacities: 

(1) 

At  Spillway  Crest  (131.  7  95): 
1410  acre- ft. 

Plans  for 

Construction 

(2) 

At 

Top  of  Dam  (01.  801.0):  1091  acre- ft 

1 . 

Reservoir  Lengths: 

(1) 

At  Spillway  Crest  (estimated 
Construction):  3550  ft. 

from  Plans 

for 

(2) 

At  Top  of  Dam  (estimated  from 
4150  ft. 

Plans  for 

Construction)  : 

(h 

Dam : 

(1)  Type:  Rolled  earth. 

(2)  Length  at  Crest:  6  b  0  ft. 

(3)  Height:  73  ft. 

(4)  Top  Width:  16  ft  (measured). 

(5)  Side  Slopes:  2.  511:  IV.  (Lower  portion  of  downstream 
face  is  311 :  1 V  .  )  . 

(6)  Zoning:  Clays  in  main  portion  of  embankment;  "un- 
selccted  materials"  at  downstream  face  (see  Sheet  3, 
Appendix  A) . 

(7)  Cutoff:  Apparently  none. 

(8)  Antiseep  Collars:  Three  concrete  collars  are  provided 
around  the  water  supply  pipe  upstream  of  the  centerline 
of  the  dam. 

11.  Spillway: 

(1)  Location:  400  ft  south  of  the  east  abutment  of  the 
dam . 


(2)  Type:  Concrete  chute  (40  ft  crest  length). 
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liNCi  I  NhhRING  DATA 


2.1  GliNLRAL: 


Available  design  computations  and  reports  for  Bowling 
Green  Dam  include  a  site  geology  report  prepared  by  the 
Missouri  Geological  Survey  (Sheets  4  thru  10,  Appendix  B) , 
design  notes  for  seepage,  embankment  stability,  and  spillway 
adequacy,  test  results  on  embankment  material  (Atterberg 
limits,  grain  size,  shear  strength,  compaction  curve),  and 
reports  on  the  leakage  through  the  west  abutment  and  sub¬ 
sequent  grouting  operation  (Sheets  11  through  32,  Appendix 
B) .  In  addition,  the  Plans  for  Construction  contain  test 
boring  records  and  some  hydrologic  data.  No  documentations 
of  construction  inspection  records  have  been  obtained. 

2.2  DhSIGN : 

A.  Surveys: 

The  locations  and  elevations  of  two  temporary  bench¬ 
marks  arc  shown  on  Sheet  2  of  Appendix  A.  Neither  of  these 
two  temporary  benchmarks  was  located  during  the  visual 
inspection.  The  crest  of  the  spillway  was  used  as  a  bench¬ 
mark  and  was  assumed  to  the  same  elevation  as  indicated  on 
the  plans  for  construction  (795.0). 

B.  Geology  and  Subsurface  Materials: 

The  area  around  Bowling  Green  Dam  is  characterized  by 
rol 1 ing- to- hi  1 ly  topography.  The  subsurface  materials  in 
upland  areas  generally  consist  of  about  5  ft  of  loess  under¬ 
lain  by  residual  soils  and  bedrock.  Geological  maps  of  the 
area  indicate  that  the  bedrock  consists  of  the  Burlington 
Limestone  overlying  the  ilannibal  shale  formations  (both  of 
the  Lower  Mississippian  system).  The  Burlington  formation 
is  a  light-gray,  coarse-grained,  and  massive  limestone.  The 
thickness  of  this  formation  ranges  from  75  ft  to  100  ft  in 
this  area.  In  many  areas,  the  Burlington  formation  contains 
caves,  sinkholes,  springs  and  joints.  The  Hannibal  formation 
underlying  the  Burlington,  is  a  massive,  blue-gray  silty 
shale,  generally  about  80  or  90  ft  thick .  The  contact 
between  the  Burl  ington-Ilann  ibal  formation  is  reported  to  be 
at  elevation  780  in  the  area  of  the  dam. 

Classifications  of  the  soils  encountered  in  the  borings 
are  presented  on  Sheet  1  of  Appendix  B.  The  locations  of 
these  borings  are  included  on  Sheet  1  of  Appendix  A.  The 
soils  encountered  in  the  borings  are  generally  brown  and 
yellow  clays  (with  some  gravel)  over  a  green  shale  (bed¬ 
rock).  The  maximum  penetration  of  the  borings  was  to 
approximately  elevation  677. 
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A  preliminary  geology  report  prepared  by  the  Missouri 
Geological  Survey  is  presented  on  Sheets  4  through  10  of 
Appendix  B. 

C.  foundation  and  embankment  Design: 

No  foundation  or  embankment  design  reports  for  Bowling 
Green  Dam  were  obtained.  However,  soil  test  results  on 
potential  borrow  material  and  partial  slope  stability  calcu¬ 
lations  were  acquired  from  Mr.  Clifford  Sharp,  P.I-.  Although 
seepage  analyses  were  apparently  performed,  they  were  not 
available.  A  brief  summary  of  the  results  of  the  embankment 
design  calculations  and  recommendations  for  embankment 
construction  are  presented  on  Sheets  2  and  3  of  Appendix  B. 

Sheet  3  of  Appendix  A  shows  a  transverse  section  of  the 
dam  at  the  location  of  the  water  supply  pipe  (Station 
2+55).  No  core  trench  is  shown  on  the  plans,  and  apparently 
no  internal  drainage  system  was  provided.  Only  three  anti- 
sccp  collars  are  provided  around  the  water  supply  pipe,  and 
these  arc  located  well  upstream  of  the  centerline  of  the 
dam.  The  transverse  section  shows  a  rock  toe  drain  which 
was  apparent  from  the  visual  inspection. 

Because  the  water  supply  pipe  passes  through  the  dam  to 
the  pumping  station,  the  full  head  of  water  impounded  by  the 
dam  is  acting  entirely  through  the  dam.  The  area  around  the 
water  supply  pipe  at  the  downstream  toe  of  the  dam  should  be 
periodically  inspected  for  seepage  which  might  indicate  a 
leak  or  rupture  of  the  drain  pipe  and  could  eventually 
initiate  a  piping  failure  through  the  embankment.  The  water 
supply  pipe  has  an  upstream  valve  which  is  normally  open,  but 
could  be  shut  off  if  leakage  occurs. 

Borrow  material  for  the  dam  was  obtained  from  the  floor 
of  the  valley,  both  downstream  and  upstream  of  the  dam.  The 
only  apparent  zoning  of  the  embankment  can  be  seen  on  Sheet 
3  of  Appendix  A.  "Unselected  materials"  were  to  be  used 
downstream  of  a  line  which  extends  from  the  downstream  edge 
of  the  crest  at  a  slope  of  1. 511:  IV  toward  the  toe  of  the 
dam.  "Selected  materials,  rolled  in  layers"  arc  shown 
upstream  of  this  line.  No  construction  inspection  test 
results  have  been  obtained. 

D.  Hydrology  and  Hydraulics: 

Some  hydrologic  and  hydraulic  design  data  have  been 
provided,  and  the  Plans  for  Construction  also  contain  some 
hydrologic  design  data;  these  data  are  contained  on  Sheet  1 
of  Appendix  A.  Based  on  these  data,  a  field  check  of  spill¬ 
way  dimensions  and  embankment  elevations,  and  a  check  of  the 
drainage  area  on  the  U.S.G.S.  quad  sheet,  a  hydrologic 
analysis  using  l/.S.  Army  Corps  of  engineers  guidelines  was 
performed  and  appears  in  Appendix  C,  Sheets  1  to  6.  It  was 
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concluded  that  the  spillway  will  pass  45  percent  of  the 
Probable  Maximum  Flood. 

E.  Structure: 


Structural  design  computations  for  appurtenant  struc¬ 
tures  were  not  obtained.  Details  of  the  inlet  structure  and 
spillway  arc  shown  on  the  Plans  for  Construction  and  are 
presented  on  Sheets  5  through  5  of  Appendix  A. 

2.5  CONSTRUCTION: 


No  construction  inspection  data  have  been  obtained. 
Information  regarding  the  pressure  grouting  which  was  per¬ 
formed  in  1959  is  included  in  Appendix  R.  No  reports  were 
available  describing  the  concrete  fill  which  was  placed 
upstream  at  the  west  abutment-dam  contact. 

2.4  OPERATION  AND  MAINTENANCE: 


Conversations  with  personnel  at  the  Bowling  Green  water 
treatment  plant  indicate  that  normal  operation  consists  of 
[lumping  about  500,000  gallons  per  day  out  of  the  reservoir 
for  water  supply.  This  rate  of  usage  is  expected  to  double 
with  the  construction  of  a  new  water  treatment  plant  and  the 
addition  of  new  users.  The  water  level  fluctuates  as  much 
as  15  ft  during  the  course  of  a  year.  Inspection  indicates 
that  maintenance  of  the  dam  (mowing  the  grass  and  brush 
removal]  is  done  periodically. 

2.5  EVALUATION : 

The  available  engineering  data  listed  in  Section  2.1  do 
not  include  sufficient  seepage  or  stability  analyses  nor  any 
construction  test  data,  and  thus  were  inadequate  to  make  a 
detailed  assessment  of  t he  design,  construction  and  operation 
of  Bowling  Green  Dam.  No  valid  engineering  data  on  design 
or  construction  of  the  embankment  were  found. 

Seepage  and  stability  analyses  comparable  to  the  require¬ 
ments  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 
Dam's"  were  not  available,  which  is  considered  a  deficiency. 
These  seepage  and  stability  analyses  should  be  performed  for 
appropriate  loading  conditions  (including  earthquake  loads) 
and  made  a  matter  of  record. 
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SUCTION  5 


VISUAL,  INSPECTION 


3.1  GENERAL: 


The  field  inspection  was  made  on  27  September  1978. 

The  inspection  team  consisted  of  personnel  from  Anderson 
Engineering,  Inc.  of  Springfield,  Missouri  and  Hanson 
Engineers,  Inc.  of  Springfield,  Illinois.  The  team  members 
were : 

Louis  Williams  -  Anderson  Engineering  (Instrument  Man) 

Steve  Brady  -  Anderson  Engineering  (Civil  Engineer) 

Dave  Daniels  -  Hanson  Engineers  (Geotechnical  5  Hydraulics 

Eng ineer ) 

Dan  Kerns  -  Hanson  Engineers  (Geotechnical  Engineer) 

3 . 2  DAM : 

The  dam  is  an  earth  fill  embankment  constructed  from 
borrow  material  obtained  from  the  valley  both  upstream  and 
downstream  of  the  dam.  Based  on  the  soil  borings  and  soil 
test  results,  the  fill  material  would  be  expected  to  consist 
of  medium  to  high  plasticity  clays. 

The  embankment  is  grass -covered  and  appears  to  be  in 
good  condition.  Considerable  seepage  was  noted  at  the  west 
abutment.  Some  erosion  (small  gullies,  8  in.  to  12  in.  deep) 
and  small  tree  and  brush  growth  was  present  at  the  dam  and 
west  abutment  contact  as  a  result  of  tills  seepage.  A  small 
slide  (20  ft  to  30  ft  in  areal  extent)  was  evident  above  the 
pumping  station  which  is  located  at  the  toe  of  the  dam  near 
the  west  end.  This  slide  did  not  appear  to  be  active. 

It  appeared  that  the  seepage  was  generally  exiting 
through  the  abutment,  not  at  the  abutment-dam  contact.  The 
flow  in  a  ditcli  immediately  north  of  the  pumping  station  was 
estimated  to  be  about  40,000  gallons  per  day.  It  is  believed 
that  the  entire  flow  in  this  ditch  was  seepage  exiting  from 
various  locations  at  the  west  abutment. 

Brush  and  some  small  tree  growth  is  present  on  the  up¬ 
stream  face  of  the  dam  and  through  the  rock  toe  drain. 

Brush  and  reed  growth  and  some  erosion  was  noted  at  the 
contact  between  the  dam  and  the  east  abutment.  Although 
some  seepage  has  been  reported  at  the  east  abutment,  and  the 
presence  of  reeds  indicates  that  the  area  has  been  wet,  no 
seepage  was  observed  at  the  time  t lie  inspection  was  made. 

The  horizontal  alignment  of  the  dam  appeared  as  shown 
on  the  plans.  There  is  a  shallow  depression  in  the  crest 
near  the  west  abutment.  No  surface  cracking  or  unusual 
movement  was  obvious.  It  should  be  noted,  however,  that  the 
elevations  along  the  top  of  the  dam  which  were  obtained  in 
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the  field  were  as  much  as  4.0  ft  lower  than  as  indicated  on 
the  Plans  for  Construction  (sec  Section  1.3.B  of  this  report). 
All  other  elevations  obtained  in  t  he  field  agreed  fairly 
well  with  those  indicated  on  the  Plans  for  Construction. 

No  instrumentation  (monuments,  piezometers,  etc.)  was 
observed . 

A.  Spillway: 

The  concrete  chute  spillway  was  generally  in  good 
condition.  There  was  a  1  in.  wide  joint  separation  in  the 
right  spillway  wall  at  the  point  where  the  spillway  begins 
to  slope  downward.  A  similar  crack  was  evident  in  the  left 
wall  at  the  same  location,  although  not  as  wide.  A  small 
void  was  present  under  the  left  drain  pipe  just  below  the 
spillway  crest.  The  Plans  for  Construction  (Sheets  4  and  5 
of  Appendix  A)  show  vertical  walls  on  the  40  ft  wide  spill¬ 
way.  However,  the  spillway  was  built  with  side  walls  sloping 
at  1H:1V. 

A  road  which  is  built  to  the  spillway  crest  constricts 
the  approach  channel  somewhat.  Tree  growth  at  the  sides  of 
the  approach  channel  also  could  restrict  flow. 

A  plunge  pool  lias  been  formed  out  of  the  underlying 
shale.  The  pool  is  about  12  ft  deep  and  appears  to  be 
eroding  back  toward  the  spillway  exit.  The  discharge  channel 
has  been  eroded  into  the  overburden  and  shale. 

5.5  RESbRVOI R  AND  KATTRSHIID: 

The  immediate  periphery  of  the  lake  was  timber-covered 
with  moderate  slopes.  No  sloughing  or  serious  erosion  of 
reservoir  banks  was  noted. 

The  concession  stand  operator  indicated  that  the  high 
pool  was  3  or  4  ft  above  the  crest  of  the  spillway  (1973). 

3.4  b VALUATION: 

Small  tree  and  brush  growths  noted  at  both  abutments, 
on  the  upstream  face  and  at  the  rock  toe  drain  of  the  dam, 
should  be  removed,  and  all  future  growth  should  be  removed 
on  a  yearly  basis.  An  engineer  experienced  in  the  design 
and  construction  of  dams  should  study  and  recommend  means 
of  correcting  and/or  controlling  the  observed  seepage, 
erosion  and  slide. 
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To  reduce  entrance  restrictions,  trees  along  the  sides 
of  the  spillway  approach  channel  should  he  removed.  It  is 
believed  that  the  road  leading  to  t he  spillway  crest  restricts 
the  passage  of  low  flows  only,  and  does  not  constrict  the 
entrance  during  periods  of  high  flows.  The  cracks  in  the 
spillway  wall  and  the  void  below  the  left  spillway  drain 
pipe  should  be  filled  and  sealed. 
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SECTION  4 


OPT, RAT  i  ONAL  PROCEDURES 


4.1  PROCEDURES: 


Information  furnished  by  personnel  at  the  Bowling  Green 
water  treatment  plant  indicates  that  about  500,000  gallons 
of  water  per  day  are  drawn  from  the  reservoir  for  water 
supply.  This  rate  of  usage  is  expected  to  double  in  the 
near  future. 

4.2  MAINTENANCE  OP  DAM: 

No  maintenance  information  was  available.  Inspection 
indicated  that  maintenance  of  the  dam  (mowing  the  grass  and 
brush  removal)  is  apparently  done  periodically. 

4,5  MAINTENANCE  OP  OPERATING  FACILITIES: 

Although  the  water  supply  facilities  appear  to  be  in 
good  condition,  it  is  not  known  whether  they  are  regularly 
maintained. 

4.4  DESCRIPTION  OT  ANY  WARNING  SYSTEM  IN  EFFECT: 

The  inspection  team  is  unaware  of  any  existing  warning 
system  for  this  dam. 

4.5  EVALUATION: 


Tree  and  brush  growth  should  be  removed  from  the  dam  on 
a  yearly  basis.  Although  not  serious  now,  erosional  areas 
at  abutment-dam  contacts  will  need  some  repair  in  the  future. 
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SECTION  5 


1IVDRAUL  I  C/IIYUROEOG  ]  C 


5.1  EV  ALII  AT  ION  OR  FEATURES: 

A.  Design  and  Experience  Data: 

Some  of  the  design  data  used  by  the  Haskins,  Riddle  and 
Sharp  Consulting  engineers  to  design  this  dam  have  been 
obtained.  Some  hydrologic  data  as  shown  in  the  Plans  for 
Construction  arc  presented  on  Sheet  l  of  Appendix  A.  Based 
on  this  information,  a  field  check  of  spillway  dimensions 
and  embankment  elevations,  and  a  check  of  the  pool  and 
drainage  areas  from  the  IJ.S.G.S.  quad  sheet  (Bowling  Green, 
Missouri  quad  sheet)  ,  a  hydrologic  analysis  was  performed 
using  U.S.  Army  Corps  of  Engineers  guidelines  and  appears  in 
Appendix  C,  Sheets  1  to  6. 

B.  Visual  Observations: 

The  concrete  chute  spillway  generally  appeared  to  be  in 
good  condition,  although  some  cracks  were  noticed  in  the 
spillway  walls.  In  addition,  a  small  void  was  present  at 
the  left  drain  pipe  just  below  the  crest  of  the  spillway. 
Trees  at  the  edge  of  the  approach  channel  could  possibly 
restrict  all  flows  to  the  spillway. 

Facilities  available  to  draw  down  the  pool  for  water 
supply  appeared  to  be  in  good  condition.  The  spillway  is 
located  about  400  ft  south  of  the  cast  abutment.  Spillway 
releases  would  not  be  expected  to  endanger  the  integrity  of 
the  dam. 

C.  Overtopping  Potential: 

Based  on  the  hydrologic  and  hydraulic  analysis  as 
presented  in  Appendix  C,  the  spillway  will  pass  45  percent 
of  the  Probable  Maximum  Flood.  The  Probable  Maximum  Flood 
is  defined  as  the  flood  discharge  that  may  be  expected  from 
the  most  severe  combination  of  critical  meteorologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the 
region.  The  recommended  guidelines  from  the  Department  of 
the  Army,  Office  of  the  Chief  of  Engineers,  require  that 
this  structure  ( intermediate  size  with  high  downstream 
hazard  potent ialT~pas s  100  percent  of  the  PMF ,  without 
overtopping.  Fifty  percent  of  the  PMF  will  overtop  the  dam 
by  .41  ft  for  a  duration  of  .58  hours  with  a  resultant  peak 
outflow  discharge  of  2915  c.f.s.  One  hundred  percent  of  the 
PMF  will  overtop  the  dam  by  2.24  ft  for  a  duration  of  2.92 
hours  with  a  resultant  peak  outflow  of  9990  cfs  (sec  Sheet  6 
of  Appendix  C) .  The  structure  will  pass  a  100-year  fre¬ 
quency  flood  without  overtopping. 
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Slid  ION  () 


STRUCTURAL  STABILITY 


0.1  EVALUATION  Ob'  STRUCTURAL  STABILITY: 


A.  Visual  Observations: 

Although  the  seepage  through  the  west  abutment  is 
detrimental  in  terms  of  water  loss  from  the  lake,  we  do  not 
believe  that  this  condition  adversely  affects  the  structural 
stability  at  this  time.  However,  if  left  unchecked,  the 
erosion  at  abutment-dam  contact  areas  could  cause  some 
localized  stability  problems  and  possibly  complete  failure 
in  the  future.  The  seepage  should  be  periodically  checked 
for  both  quantity  and  turbidity.  An  increase  in  turbidity 
of  the  seepage  water  would  indicate  that  embankment  material 
is  being  washed  away.  If  significant  increases  of  seepage 
quantity  or  turbidity  are  noted,  then  immediate  remedial 
measures  should  be  initiated  to  attempt  to  stop  the  leakage. 
These  remedial  measures  should  be  performed  under  the  guid¬ 
ance  of  a  professional  engineer  experienced  in  the  design 
and  construction  of  dams. 

B.  Design  and  Construction  Data: 

Stability  analyses  were  performed  by  Haskins,  Riddle 
and  Sharp  Consulting  Engineers,  and  recommendations  were 
made  regarding  side  slopes  and  berm  widths  and  elevations. 
Our  site  inspection  indicates  that  the  side  slopes  and  berm 
widths  and  elevations  were  as  shown  on  the  plans.  Seepage 
analyses  comparable  to  requirements  of  the  guidelines  were 
unavailable  and  constitute  a  deficiency  that  should  be 
rectified.  No  compaction  specifications  or  construction 
records  of  the  density  of  the  earth  fill  have  been  obtained. 

C.  Operating  Records: 

Current  water  usage  drawn  from  the  reservoir  is  about 
500,000  gallons  per  day.  This  usage,  combined  with  the 
seepage  and  evaporation,  results  in  a  reservoir  water  level 
fluctuation  of  up  to  15  ft  during  the  year.  These  fluctua¬ 
tions  of  water  level  have  apparently  not  affected  the  struc¬ 
tural  stability  of  the  dam. 

D.  Post-Construction  Changes: 

The  only  known  post  construction  changes  at  Bowling 
Green  Dam  were  attempts  to  reduce  or  eliminate  the  seepage 
through  the  abutments  of  the  dam.  These  attempts  include  a 
major  pressure  grouting  program  at  the  west  abutment  (and, 
to  a  lesser  extent,  at  the  east  abutment)  in  1951).  This 
operation  succeeded  in  reducing  the  quantity  of  seepage  from 
300,000  gallons  per  day  to  about  90,000  gallons  per  day. 
Later,  the  seepage  was  reported  to  be  between  150,000  gpd 
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and  200,000  gpd  (May  1903  letter  from  MGS  -  Sheets  29  and  30 
of  Appendix  B)  . 


Subsequent  attempts  to  stop  the  seepage  were  made  by 
placing  fresh  concrete  at  the  upstream  face  of  the  west 
abutment-dam  contact  in  an  area  of  suspected  seepage  en¬ 
trance.  This  operation  was  successful  to  some  degree.  The 
present  water  superintendent  indicated  that  the  seepage  was 
reduced  to  between  30,000  gpd  and  70,000  gpd.  Reports  on 
the  leakage  and  grouting  operation  are  included  as  Sheets  11 
through  32  of  Appendix  B. 

li .  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  1,  which  is 
historically  the  least  active  zone  in  terms  of  occurrence 
and  magnitude  of  ca rthquakes .  The  seismic  loading  prescribed 
for  zone  1  is  generally  not  critical  for  a  we  1 1  -  constructed 
earth  dam  of  this  size. 
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7.1  DAM  ASSLSSMliNT : 


A.  General: 


This  Phase  I  inspection  and  evaluation  should  not  lie 
considered  as  being  comprehensive  since  the  scope  of  work 
contracted  for  is  far  less  detailed  than  would  be  required 
for  an  in-depth  evaluation  of  dams.  Latent  deficiencies, 
which  might  be  detected  by  a  totally  comprehensive  inves¬ 
tigation,  could  exist. 


B.  Safety: 

The  embankment  itself  is  generally  in  good  condition, 
Tlie  minor  items  which  have  been  noted  previously- -such  as 
brush  and  tree  growth,  and  erosion- -can  and  should  be  cor¬ 
rected  and  controlled.  Other  deficiencies  which  should  be 
corrected  include  an  inadequate  spillway  and  lack  of  seepage 
analyses  as  required  by  the  guidelines. 


Several  attempts  to  stop  the  abutment  seepage  have 
failed.  This  seepage  should  be  monitored  closely  in  the 
future,  and  records  should  be  maintained.  If  the  quantity 
or  turbidity  of  the  seepage  water  should  significantly 
increase,  then  an  immediate  study  of  the  problem  and  remedial 
measures  should  be  initiated  under  the  guidance  of  a  profes¬ 
sional  engineer  experienced  in  the  design  and  construction 
of  dams. 


The  dam  will  be  overtopped  by  flows  in  excess  of  45 
percent  of  the  Probable  Maximum  flood.  Overtopping  of  an 
earthen  embankment  could  cause  serious  erosion  and  could 
possibly  lead  to  failure  of  the  structure. 

C.  Adequacy  of  Information: 

The  conclusions  in  this  report  were  based  on  review  of 
preliminary  design  notes  and  calculations,  the  Plans  for 
Construction,  the  geological  report  prepared  by  the  Missouri 
Geological  Survey,  the  performance  history  as  related  by 
others,  and  visual  observation  of  external  conditions.  The 
inspection  team  considers  that  these  data  are  sufficient  to 
support  the  conclusions  herein. 

1).  Urgency: 

The  remedial  measures  recommended  in  paragraph  7.5 
should  be  accomplished  in  t he  near  future.  If  the  minor 
deficiencies  listed  in  paragraph  B  arc  not  corrected  and  if 
good  maintenance  is  not  provided,  the  embankment  condition 
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will  continue  to  deteriorate  ami  possibly  could  become 
serious.  Priority  should  be  given  to  increasing  the  capa¬ 
city  of  t  he  spillway  so  that  it  is  able  to  pass  the  PMF. 

li .  Necessity  for  Phase  11  : 

Based  on  the  result  of  the  Phase  1  inspection,  no  Phase 
II  inspection  is  recommended. 

!■' .  Seismic  Stability: 

The  structure  is  located  in  seismic  zone  1,  which  is 
historically  the  Least  active  zone  in  terms  of  occurrence 
and  magnitude  of  earthquakes.  The  seismic  loading  prescribed 
for  zone  1  is  generally  not  critical  for  a  wel 1 -constructed 
earth  dam  of  this  size. 

7.3  FURTHHK  LNiVllS  f  I  GAT  IONS  : 

The  seepage  from  the  west  abutment  should  be  monitored 
carefully  with  respect  to  both  the  quantity  of  flow  and 
whether  soil  is  being  carried  by  the  seepage  water.  Any 
substantial  increase  of  quantity  of  flow  or  turbidity  of  the 
seepage  water  should  be  fully  investigated  immediately  and 
corrective  actions  taken.  Although  this  seepage  is  believed 
to  be  passing  through  the  abutment  and  not  the  embankment  or 
abutment -dam  contact,  it  is  a  potentially  dangerous  situation 
which  could  endanger  the  embankment.  All  investigations 
should  be  performed  under  the  guidance  of  a  professional 
engineer  experienced  in  the  design  and  construction  of  dams. 

7.3  RLiMll DIAL  MLASURliS: 

The  following  remedial  measures  and  maintenance  procedures 
are  recommended.  All  remedial  measures  should  be  performed 
under  the  guidance  of  a  professional  engineer  experienced  in 
the  design  and  construction  of  dams. 

(1)  Remove  the  existing  tree  and  brush  growth  on  the  up¬ 
stream  face  of  the  dam,  at  the  abutment-dam  contacts, 
and  at  the  rock  toe  drain,  and  remove  all  future  tree 
and  brush  growth  on  a  yearly  basis. 

(2J  Remove  the  trees  at  the  approach  channel  to  the  spill¬ 
way.  Repair  the  cracks  in  the  spillway  walls,  and  fill 
the  void  at  the  left  drain  pipe  just  below  the  spillway 
crest . 

(3j  Correct  the  minor  erosion  activity  at  the  embankment- 
abutment  contacts  on  the  downstream  side  of  the  dam. 

Study  and  repair  the  small  slide  area  above  the  pumping 
station  and  channelize  the  seepage  water  around  the 
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pumping  station.  Periodically  check  the  plunge  pool 
for  increased  erosion  toward  the  spillway,  and  take 
remedial  measures  if  the  spillway  is  threatened  by 
unde  rinin  ing . 

(.4)  The  seepage  water  from  the  west  abutment  should  be 

closely  monitored  for  increased  quantity  or  turbidity. 
Any  significant  increase  of  quantity  or  turbidity  of 
seepage  water  should  be  immediately  investigated,  and 
corrective  actions  taken.  Methods  to  correct  and/or 
control  the  seepage  should  be  studied  and  implemented. 

(5)  Check  the  downstream  slope  of  the  embankment  periodi¬ 
cally  for  seepage  and  stability  problems,  especially 
around  the  location  of  the  water  supply  pipe  at  the 
downstream  toe  of  the  dam.  If  wet  areas  or  seepage 
flows  from  the  embankment  are  observed,  or  if  sloughing 
is  noted,  then  the  dam  should  be  inspected  and  the 
situation  evaluated. 

((>)  A  detailed  inspection  of  the  dam  should  be  made  periodi¬ 
cally  by  an  engineer  experienced  in  the  design  and 
construction  of  dams.  More  frequent  inspections  may  be 
required  if  additional  slides,  seeps,  or  other  items  of 
distress  are  observed. 

(7)  Spillway  size  and/or  height  of  dam  should  be  increased 
to  pass  the  PMF.  In  either  case,  the  spillway  should 
be  protected  to  prevent  erosion.  An  increase  in  the 
height  of  the  center  portion  of  this  dam  to  the  original 
top  of  dam  design  elevation  of  805.0  (make  dam  level 
from  abutment  to  abutment)  might  increase  the  capacity 
of  the  structure  to  pass  the  PMP. 
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STARTING  POINT,  TOE  OF  CLIFF -EAST  ABUTMENT 


GLO LOGICAL  JILTOKT  ON  RliSI.lU  0  ill  i'OU  UOVLINO  OHLhX,  f‘lS.SOn’,1 

by 

James  II.  Williams,  Ueologist 
Missouri  Geological  Survey  and  Water  Resources 
April  1G,  1953 


Abstract  1 

The  study  of  rock  formations  at  the  four  proposed  reservoir  cites 
indicates  that  Iluckncr  Hollow  Site  and  Site  A  arc  favorable.  Surface 
features  Indicate  more  valley  alluvium,  silt,  sand,  and  gravel  would 
have  to  be  excavated  at  Site  A  to  key  the  dam  in  a  3olid  rock  forma¬ 
tion,  the  Hannibal  shale.  Consequently,  Buckner  Hollow  appears  to  be 
the  best  geologic  location  for  a  dam  and  reservoir.  Site  I)  is  unfavor¬ 
able  because  of  rock  formations  that  would  underlie  tho  dan.  I’eno  Creek 
is  not  recommended  due  to  danger  of  seepage  at  both  the  dam  site  and  up¬ 
stream. 

Description  of  rock  formations  at  the  reservoir  areas i 

The  illustrated  geological  columnar  section  (Plate  I-A)  diagrams  the 
rock  formations  of  the  reservoir  areas.  This  column  presents  the  expect¬ 
ed  sequence  cf  rocks  that  would  be  encountered  if  a  well  were  drilled  in 

I 

the  S\i{  N sec.  29,  T.  53  >1.,  tt.  2  W.  at  the  Iluckncr  Hollow  spillway 
site.  As  these  different  rocks  arc  laterally  persistent,  this  same  se¬ 
quence  can  be  seen  by  walking  from  the  headwaters  of  Iluckncr  Hollow,  where 
the  Durlingtou  limestone  crop3  out,  to  the  mouth  of  Iluckncr  Hollow,  which 
is  in  Maquokcta  shale. 
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These  rock  formations  arc  described  beginning  with  the  oldest,  the 
Maquoketa  shale.  It  I3  exposed  near  the  mouth  of  Buckner  Hollow  in  the 
NL«  SW{  Sl.'J  see.  17,  T.  53  N’.,  U.  2  V.  It  is  a  massive,  greenish-blue 
and  blue  shale.  There  are  thin  blue-gray  limestone  layers  in  the  shale. 

Tit c  shale  is  easily  affected  by  weathering  and  it  is  usually  mantled  with 
a  thick  cover  of  soil  and  vegetation.  Fresh  exposures  under  the  influ¬ 
ence  of  weathering  "flow"  end  slide  like  mud.  The  upper  contact  of  the 
Maquoketa  shale  with  the  Dowling  Creen  dolomite  is  at  670  feet  elevation. 
Therefore,  the  Maquoketa  does  not  affect  any  of  the  reservoir  sites,  Tho 
overlying  Bowling  Green  dolomite  would  affect  dam  construction  at  Site  B. 

The  Bowling  Green  is  a  yellow-gray  and  blue-gray,  fine-grained  dolo¬ 
mite.  It  is  massive  and  evenly  bedded.  When  undercut  by  streams,  it 
breaks  off  in  large  rectangular  blocks  which  slump  into  the  stream.  The 
formation  is  approximately  20  feet  thick.  If  a  dan  wore  built  at  Site  B, 
it  chould  be  keyed  in  the  Bowling  Green,  The  Louisiana  formation,  which 
overlies  the  Bowling  Green,  would  be  an  insecure  foundation.  For  this 
reason  Site  B  is  not  recommended. 

The  Louisiana  is  a  thin-bedded,  brittle,  yellow-gray,  fine-grained 
limestone  and  dolomite.  It  is  non-resistant  to  weathering,  and  its  surface 
exposures  are  usually  mantled.  The  Louisiana  is  approximately  10  feet 
thick.  I ts  contact  with  the  overlying  Hannibal,  approximately  700  feet 

I 

elevation,  is  narked  by  a  two-foot  thick  sandy  shale  sone  that  is  satu¬ 
rated  with  water.  Site  B  is  not  recommended  because  of  danger  of  water 
seepage  at  this  contact  tone,  and  because  of  the  weakly-resistant  Louisiana 
formation. 

The  Hannibal  shale  is  massive,  gray-blue,  and  silty.  It  breaks  into 


small  blocky  pieces,  The  llnnaib.il  in  much  more  resistant  to  weathering 
than  the  Knquoketa,  and  it  docs  r.c-t  "flow41  like  nu.)  when  water  socked. 

Tho  Hnnnibal  is  from  60  to  90  feet  thick.  The  silt  content  and  the  con¬ 
solidation  of  the  Hannibal  make  it.  suitable  as  a  foundation  for  the  dam 
at  Buckner  Hollow  or  at  Site  A.  Ha  impermeability  to  water  will  reduce 
water  seepage  from  the  reservoir  at  either  location.  Tho  HannLbal  could 
be  used  as  the  dam  foundation  at  Pcno  Creek  were  it  not  for  the  unfavor¬ 
able  characteristics  of  the  overlying  Burlington  lineatono  in  this  area. 

The  topmost  formation,  the  Burlington,  in  a  light-gray,  coarse-grained, 
and  massive  limestone.  In  many  areas,  it  contains  caves,  sinkholes,  springs, 
Joints,  and  other  features  that  would  cause  water  seepage.  This  is  true  in 
the  Pcno  Creek  area.  There  arc  solution  features,  caves  and  springs,  in 
Buckner  Hollow,  but  they  arc  above  800  feet  elevation.  There  arc  no  fea¬ 
tures  below  800  feet  in  the  lower  Burlington  limestone  or  associated  with 
the  Durlington-Hannibal  contact  that  would  indicate  solution  and  possible 
water  seepage. 

Buckner  Hollow! 

The  diagramed  profile  and  geologic  cross-section  of  the  Buckner  Hollow 
dora  alto  (Plate  I— B)  illustrates  tho  rock  formations  and  their  relation  to 
the  dam. 

r 

It  ia  recommended  that  there  bo  hreo  core-drill  b->lcs  at  the  Buckner 
Hollow  dan  site.  Two  should  be  made  on  the  alluvium  where  the  key  will  be, 
one  near  each  abutment.  The  third  one  should  be  upstream,  GOO  feet  north 
of  the  dam  6itc.  One  of  the  holes  at  the  darn  site  should  be  cored  through 
the  valley  alluvium,  the  lower  Hannibal  shale,  the  Louisiana,  and  into  the 
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Bowling  Green.  If  conditions  arc  found  to  bo  nntlsfactory  in  this  core, 
the  other  three  need  go  only  to  the  ton  of  the  Louisiana. 

Site  Ai 

Site  A  is  a  favorable  dam  site  and  reservoir  location.  Tho  dam  would 
be  keyed  in  the  Hannibal  shale,  as  recommended  at  the  Buckner  Hollow  Site. 
Since  Site  A  is  geologically  similar  to  the  Buckner  hollow  Site,  the  re¬ 
lationship  of  the  rock  formations  to  the  dam  and  reservoir  is  similar. 

The  greater  thickness  of  mantle  at  the  dam  site  would  require  more  ex¬ 
cavation  and  would  necessitate  four  core-drill  holes  on  the  valley  alluvium. 
Tvo  should  be  near  the  abutments  of  the  key  and  one  evenly  spaced  between 
then.  The  fourth  one  should  be  600  feet  upstream.  The  center  hole  at  the 
key  should  be  cored  into  the  Bowling  Green  dolomite.  If  this  is  a  satis¬ 
factory  core,  the  other  throe  need  go  only  to  the  top  of  t.hc  Louisiana. 

Site  U: 

This  location  is  not  recommended  for  a  dan  site.  A  reservoir  here 
would  have  a  watcr-pcrmcablo  zone,  the  Louisiana-Hannibal  contact,  near  the 
base  of  the  dam.  ihe  Hannibal,  if  precent  at.  all,  it?  not  thick  enough  to  be 
a  dam  foundation  here,  ar.d  the  underlying  Louisiana  would  be  a  very  insecure 
foundation.  The  dam  could  be  keyed  ip  tbo  Howling  Green,  but  that  would  re¬ 
quire  excavation  of  the  Louisiana  formation, 

Peno  Creek t 

Peno  Creek  is  an  unfavorable  reservoir  and  dam  site  duo  to  the  danger 
of  seepage  in  the  Burlington  limestone.  There  ar  several  caves  and  springs 
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that  would  bo  submerged  with  a  resulting  loss  of  water.  Sinkholes  in 
the  upland  indicate  a  network  of  subsurface  drainage.  Joints  in  the 
Burlington  limestone  indicate  water  passageways  that  would  cause  water 
seepage  if  submerged.  A  dam  at  the  Teno  Creek  SLtc  would  be  keyed  in 
the  Hannibal  shale.  The  Hurlington-Hannibal  contact  v.-ould  be  approxi¬ 
mately  30  feet  above  the  baso  of  the  dam.  The  joints  and  fractures  of 
the  Burlington  would  cause  construction  difficulties  for  the  upper  part 
of  the  dam. 

Excavation  and  Core  l-'lllt 

It  may  be  possible  to  remove  the  upper  few  feet  of  the  Hannibal  shale 
for  the  trench  at  the  dam  site  with  8 coops  and  other  heavy  machinery  with¬ 
out  blasting.  Blasting  should  be  avoided  if  poasiblo,  as  it  might  produco 
unwanted  cracks  and  fissures.  Tho  Hannibal  shale  will  probably  bo  unsuit¬ 
able  as  a  core  filler.  Ito  tendency  to  break  into  blocks  and  chunks,  rather 
than  fine  particles,  would  hinder  compaction  even  with  heavy  machinery. 

The  clay  soils  from  the  ridges  above  the  Burlington  limestone  would  be  more 
suitable. 

Concrete  Aggregate  and  Riprap  I 

The  Burlington  limestone  would  b,e  suitable  ns  concrete  aggregate  and 
riprap.  There  arc  several  small  potential  quarry  sites  in  the  SV4  S\i\  Nj;^ 
see.  19,  T.  S3  N, ,  It.  2  W.,  near  a  largo  spring  at  800  feet  deration,  and 
in  tho  SW4  NE^  SUj  see.  29,  T,  53  H.,  R.  2  V.,  rear  Open  Mouth  Cave  and 
Three  Rooms  Cave.  Tho  floor  of  the  quarry  should  not  be  below  the  800  foot 
elevation  because  of  the  underlying  Hurlington-Hannibal  contact.  The  po- 
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•  tential  quarry  site  could  bo  sampled  by  chipping  small  pieces  of  rock 

from  unveathereJ  portions  of  the  limestone  exposures. 

i 

I 

i 

Gravel  Deposits i 

! 

'■  There  nro  several  gravel  deposits  alone  NoLx  Crock  that  extend  from 

SL4  NWj  Ni:.\  see .  Id,  T.  53  IT.,  R.  2  tV,  downstream  to  Vera.  They  trill  supply  j 

the  need  for  5, GOO  to  6,000  cubic  yards.  These  deposits  will  average  from 

30jS  to  40,1  aand.  Approximately  81  to  lo£  of  the  material  Is  from  6  to  8 

inches  in  diameter.  The  rest  of  the  material,  40.1  to  50,1,  varies  from 

one-half  inch  to  two  inches  in  diameter.  The  sand  is  predominately  quartz 

and  the  larger  material  is  chert, 

Sumsnaryi 

Tito  Buckner  Hollow  Site  and  Site  A  are  favorable  geological  locations 
for  a  dam  and  reservoir.  Buckner  Hollow  is  the  more  suitable  duo  to  a 
greater  thickness  of  mantle  at  Site  A.  The  increased  mantle  thickness  at 
Site  A  would  require  excavation  and  core-drilling. 

Site  B  is  not  recommended  because  of  possible  seepage  and  an  unsuitable 
dam  foundation.  Peno  Creek  is  unfavorable  due  to  possible  water  seepage  in 
the  Burlington  limestone  and  construction  difficulties  at  the  Jam  site. 

Nearby  sources  of  core  fill,  concrete  aggregate,  riprap,  and  gravel 

I 

deposits  arc  available  for  use  at  the  Buckner  Hollow  Site  or  Siuo  A.  The 
|  Buckner  Hollow  Site  is  closer  to  the  concrete  aggregate  and  riprap  sources. 

.  A  geological  nap  of  the  Buckner  Hollow  Site,  Site  A,  and  Site  D  accom¬ 

panies  this  report  (Plate  I— C) . 
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*c  •  '  >■  i% . 


r:;p cat  :: 


dctiom  of  sucxnsf.  hcm  o\  ■  dam 


L* *  IDG  CDS'  I',  ?.'2F~0 CT.I 


Oa  May  11,  1.  J7,  :a  lie  cam  par./  ;I  luc  j  ,rs.  V.  illiarr.  G.  Diddle 
r..-2  Charlo3  DriAi,  .1  fin  firm  A  Haj.ua:,  DlCdic  U  Sharp,  C-.-aauliia^ 
I'n-jineerJ.  Ha  r.aau  CUy.  Ml ? reri,  tha  ur.’larrij  a  of.  rra.de  an  i.-upart:  .a 
;f  the  v-ntcr  supply  cam  Duclmer  C  ro cl:  uear  D  ,-viir.^  Green,  Mia  j  jv.ri. 

The  fnUjvar.p  candiiisno  were  reserve-!: 

(a)  YiaiLlc  s  appeared  tn  be  r  a  of  Lived  ta  the  abut  me  at  a.  T h  e 

ar*"  <*''  '  f  the  dam  ••••.an  firm  and  dry. 

(b)  Ti'.  i  3C';j;,i  arm:.:;  the  left  abetment  (V  ost)  appeared  £j  be 
c  emeu-hat  greater  thar.  \r  r\~l  the  riyht  abater  e  A  (Past}.  F.-cr.:  a 


h'uiery  cf  taa  im-ma-e  nere.aca,  apparent:;,'  the  -1  rut  ovhiances  app-'.v 
ia  tho  left  r.j'itT  erh 

\  -  /  -  --*j— h>  -  - *  -  -  - - -  v  ■  -  ^ 1  -  -  -  — 


at  nppr  n:d:r  rt  ily  fr. 


a  tier.  as  live  *\r£ace  la  *':*  -a.-  .v 


(d)  The  !  -i- ::  drd/v,  c  refined  primarily  i  j  the  Gala  it  a 

cf  evyrburden  it:  the  c”t  :n;  al.-'itrr.e.it  clspce.  The  tlidoc  are  ■:  .*  *::  f.  • 
cam  j  tract-arc  pr  iper. 

(e)  The  rcre-rveir  i  the  tap  jf  the  hill  a’.avn  the  left  a  b  atm  art 
lead  J rnc  -.vater  ia  it  r. t  the  time  -/  the  .nspecti  :u 

17  r  ?h  a  >  .-v.e  . ; e r v j d  c  ar.  jiiiaiu,  it  ray  splnian  that: 

(a)  2.  Met  i I  the  j  .epaja  in  paseinj  tier  myh  hie  Hannibal  shale 
f-.rmatioa,  vhlch  is  into r Lice  1  with  lurester.e  tirhy.ern.  This  f  jvrr.atl  j.i 
farms  rn  sat  of  tho  ddrad  c  jatact  far  tha  dam.  The  loaleaje  p.pp.jars  Is 
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be  approximate  iy  hcriaoutal  through  these  lime.dnse  stringers.  I  beiieva 
the  seepage  appeared  firs*  i  s  the  left  abutment  because  of  the  exposure 
ci  the  Kaaaibal  formation.  in  nearly  vertical  faces  La  the  old  crcch  card'., 
which  is  located  adjacent  to  the  left  abutment  at  the  darn  site  and  ia  the 
gully  immediately  uo stream  of  the  dam  ia  the  left  abutment.  The  lower 
port  of  the  right  abutment  is  blankctad  with,  clay  overburden,  whilo  it  is 
th'..-.  or  abeiot  higher  up  in  the  abutment.  Therefore,  the  seepage  did 
r.-t  appear  until  alt  or  the  reservoir  reached  theca  higher  elevations. 

(b)  The  re  -ervoix  in  tho  left  abutment  located  high  above  the  dam 
hi  si  little,  if  an/,  adisscc  c::  the  seepage,  dhvious’y,  it  doesn't  affect 

A  » j  -  ^  —  -  '■***  —  —  —  t-  _  «  jW. 

(c.)  Is:  fidure  -set  v  cather,  a  s-tiuo  a.-  >*e  the  pump  building  dov.'n- 
str.um  of  th.'.  left  a  ).:tmos:t  r.-.ay  ihrrr  and  could  a  .hsa.ly  thrust  aga.n.i 
the  pump  hjuu  o  stra oturc.  This  elide  is  aloe  :  scared  ia  the  natural 
abutment,  bit  might  uu.e  sr  ivosr.ee:  rf  some  .orrhurkm  sr.t  mater sal 
adjacent  to  the  elide. 

(J)  impair  of  the  r  iad  on  the  rigid;  abutment  should  be  effected  by 
relocation  away  from  tho  present  location,  if  repair  sf  the  present 
roadway  s' Ido  is  attempted,  it  mould  be  by  cenotructlor.  of  a  much 
flahontod  slope  from  tho  base  up  and  r. o:  by  dumping  from  the  roadway, 
as  this  procedure  ’vo-sld  lihciy  cause  greater  slide  movement  and  might 
enlarge  the  ol.de. 

(e)  I  did  nut  ohs.erve  any  structural  deiicsiency  iia  the  dam  in  my 
inve  stigation  on  May  11,  1757. 
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Correction  of  the  seepage  condition: 

If  the  seepage  quality  appear?  to  decrease  vnth  rising  reservoir 
and  time,  ooroe  dopouitioa  cf  silt  over  these  caponed  surfacos  and  is 
the  seepage  channels  La  probably  taking  place,  and  the  seepage  la  tilts  1/ 
to  decrease  further  with  tuna  and  eventually  stop. 

If  the  seepage  does  not  decrease  or  increases,  I  believe  a  grout 
curtain  should  he  drilled  and  pumped  into  place  in  both  abutments 
without  delay.  In  this  connection,  I  understand  that  the  seepage  appears 
to  have  decreased.  r>  u  me  what  with  rise  of  the  reservoir  level,  which.' 
Indicates  tbrt  it  In  probably  good  Judgment  to  further  observe  the 
condition  before  proceed ing  vnth  any  action. 

C  .nj-.jif.ng  L‘  nglneer 
3122.  Ilaic  v'Jth  Street 
Kansas  C  l  by,  Missouri 


P3 


-  - ;  i 
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March  26,  1959 


Honorablo  Edward  V.  Long 
Lieutenant  Govornor  of  Mioaourl 
Missouri  State  Capitol 
Jefferson  City,  Missouri 

Dear  Governor  Long! 

Enclosed  In  a  copy  cf  my  letter  to  Mr.  Bell  regarding  leakage 
at  the  Bowling  Groan  rooervoir.  1  foci  that  this  lealoago  can  bo  etoppod 
and  will  continue  to  glvo  tho  problem  my  perGonal  attention. 

•Aleo  enclosed  r.ro  coulee  of  tho  Bowling  Grocn  and  Sllex  ound- 
rangleo,  I.  C.  15,  Topographic  Maps  of  Mlpeouri.,  R.  X.  ?2,  C-oology  of 
tho  Howling  Green  quadrangle,  and  R.  I.  Z~\ ,  Northeast  Mlooourl'a  OH 
Poasfbilltion  Improve.  Tho  geology  of  tho  Bowling  Green  area  has  boon 
of  Intoroct  to  goologiota  and  Industry  for  many  years  because  of  tho  lime¬ 
stone  and  ohalo  deposits,  the  groundwater  problems,  and  because  of  tho 
groat  variety  of  formations  which  crop  out.  Should  you  wish  additional 
copies  of  any  of  those  publications,  plcaoo  do  not  heoltato  to  call  on  me. 

I  very  much  onjoy  d  tho  trip  to  Bowling  Grocn  and  hopo  tho 
proposed  solution  will  solve  tho  loakage  problem. 

Very  truly  yours. 


Thomas  R.  Boverldgo 
State  Geologist 


TRBtVJ 
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Enclosuroo 


Mr.  Oltn  N.  Bell 
Bowling  Green,  Missouri 

Doar  Mr.  Bell: 

This  letter  Is  to  confirm  my  statements  made  yestorday  during 
our  visit  to  tho  Bowling  Green  reoorvolr,  located  In  Bucluier  Hollow. 

I  feel  quits  certain  that  the  leakage  at  the  weet  end  of  tho  dam  In 
through  the  brown  beds  of  tho  Burlington  limestone.  Those  brown  beds  llo 
on  the  ollve-colorod  Hannibal  chalca  which  form  the  floor  and  all  but  tho 
upper  10  to  15  feet  of  tho  roservolr.  Tho  brown  beds  of  tho  Burlington  tend 
to  bo  fractured  and  to  contain  cavities  caused  by  tho  solution  of  the  Hmeotono, 
These  fracturoo  and  oolutlon  cavities  aro,  In  my  opinion,  tho  courcca  of 
leakage. 

The  Hannibal -Burlington  contact  may  ho  seen  in  the  south  side  of  the 
draw  we6t  of  the  pumphouse  and  It  la  quite  evident  that  the  brown  bods  aro 
below  the  present  surface  love!  of  tho  reoorvolr. 

My  rccommcndatlona  for  scaling  the  loakago  aro  as  follov/o: 

(1)  Hind  oxen /ate  along  the  junction  of  the  dam  and  tho  bluff  along 
the  downctream  slope  of  tho  darn  to  rqako  certain  that  there  Is  no  leakage 
whore  tho  dam  abuts  the  bluff.  It  Is  my  undor standing  from  our  conversation 
that  the  dam  was  not  keyed  Into  the  bluff --thus  there  may  bo  leakago  at  tho 
contact  of  the  darn  with  the  bvown  bode  In  tho  bluff. 

(2)  Drill  the  brown  bods  from  tha  elevation  of  the  top  of  the  dam 
down  ono  foot  Into  tho  Hannibal  ohalo  and  pressure  grout  tho  drill  holes. 
Drilling  ohoul,d  start  at  the  bluff  where  It  lntcr3octs  tiro  axis  of  the  dam  and 
continue  north  and  west  barely  Into  tho  draw  v/cat  of  tho  purriphouoo.  Since 
thero  is  no  ovldonco  of  leakage  In  tiro  draw,  drilling  need  not  oxtond  very  far 
up  the  draw. 


Mr.  Clin  N.  Doll 


2. 


March  26, 

S9 


(3)  Alternate  for  (2).  Clean  off  Iho  brown  boda  starting  at  the  dov 
stream  cldo  of  the  Jam  and  following  nround  the  point  barely  Into  the  draw. 
The  scalping  should  include  at  lonst  a  foot  of  the  Hannibal  chalo.  Ouch  scalp¬ 
ing  may  roveal  the  courco  or  sources  of  leakage  In  tho  brown  beds  and  thoco 
leaks  could  be  patched  on  an  Individual  bade  by  procure  grouting. 

Solution  (2)  le  the  moro  ideal  ono,  whoreac  (3)  lo  probably  cheaper. 
A a  wo  agrood  yesterday,  the  selection  of  the  alternate  should  rout  with  tho 
City  Council,  but  I  will  be  glad  to  condor  with  them  should  you  wlah.  Also, 
should  any  furthsr  quo3tlonn  arloo,  ploaoo  do  not  hositate  to  call  on  mo.  It 
does  appear  that  your  problem  la  or.o  which  cm  bo  oolvod,  and  Z  wLll  bo  most 
Interested  In  tho  progroos  and  ouiconus. 

V/lth  personal  regards, 


Thomas  R.  Bcvurldgc 
Stato  Goologlut 


TRB:VJ 

ccj  Lt.  Governor  I-ong 

Mayor  V.’lllard  Middleton 
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»  IJ  O  9  U  A  L  I  I  M  (I  l|  I  AV  l  N  U 

kanii/  i  City  i».  Mo. 

HI.  :i  w  A  M  O  1-7730 


lOlPAflOM  O  9  I  l  »  «  :l  I  *•<{■'  I  »«  n  u  • 
<*«■*«•  *  •  •  t>  c  >  *  »  a  *<  ■ 
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October  12,  1959 


C  H  A  *i  .  A  ,  M  A  'i  <  I  N  S 
(  I  9  3  J  -1  V  i  A) 

a»4.  n.  fJiDour 
p.  Cur>  []WU  THAfJP 
L.  C.  DKUIlHEIDE 


Mr.  Olln  Boll,  Chairman 
Board  of  Public  Works 
City  Hall 

Bowling  Croen,  Miosouri 
Doar  M'.  Boll: 


|  r..o  i 


Re:  Frenoure  Grouting 
Bowling  Grcon  Dam 


In  ronpenne  to  our  roquent,  tho  Layr.o- Western  Company,  who  have  Juot 
completed  pressure  grouting  activities  on  the  Bowling  Croon  w&tor  eupply 
dam,  havs  forwarded  their  report  No.  2  entitled  "Final  Conotructlon  Report'1 
relative  to  this  grouting  work.  In  accordance  v/lth  their  nuggcstion,  n  copy 
la  being  forwarded  to  the  Mlsoourl  Geological  Survey  to  tho  attention  of 
Mr.  Tom  Beveridge,  Director,  and  a  copy  Ic  attached  horcto. 

We  aro  enclosing  a  letter  with  two  coplea  pertaining  to  the  naconrdty  for 
having  this  repair  work  done,  and  nltio  arc  enclosing  our  ctatement  for 
oervlccs  performed  during  this  work. 

Naturally,  wo  would  havo  preferred  to  see  the  grouting  activity  rosult 
In  a  bottle-tight  ubuttmont;  however,  we  aro  ploaocd  that  tho  leakage  has 
boen  reduced  an  much  as  It  has  and  also  that  apparently  all  leakage  which 
could  be  prooumod  to  affect  otructurnl  charactorlotico  of  tho  dam  itoolf 
apparently  have  boon  otopx»od.  Wo  have  gone  over  the  cntlro  Job,  Including 
the  report  tranomlttcd  herewith,  with  our  a  oil  mochanlco  conoultant,  who 
Ie  plcaood  with  tho  reoult  of  tho  grouting  work  nr.d  la  of  tho  opinion  that  no 
furthor  grouting  la  indicated  fit  this  tlmo.  In  light  of  the  substantial  reductions 
which  have  been  mado  and  more  pntlcularly  the  fact  that  such  clrcuitoun  abutt- 
ment  loakago  p.o  continues.  thuy  do  not  appear  to  bo  of  any  concern  ao  far 
ar.  the  dam  Us  elf  goon. 

If  there  lo  anything  further  which  you  or  your  board  needs  cl  uo  In  this 
matter,  plcaso  lot  ua  know. 

Yours  very  truly, 


VGR:db 

Enc. 

cc:  Mr.  Tom  Bovorldgo 


HASigtN5,'P.IDBET)  D  SHARP 

G.  hiddlX 
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BUM 


Kl’M.tCIf.U,  RKSHlVOlit 

“*  *■  . . . 

nEPCT.T  HO«  g 

final  cchshigcticii  rcira? 

<*>.'  or  l,  V59 


iliBSSrtft  ^  P’Tpoco  of  this  report  Js  to  otsrjn.i'lco  tho  work  r-orforecd  fr 
pi-oasuro-groutij^  the  healing  Green  Khnlclpal  nccarrolr. 


r.aiK 

teter  6}  ««!»  rork,  tiio  Contracted  haa  eorolct.od  drilling  cad 
craaulnc  opera tlana  aa  cct  forth  in  the  orlcinal  cotirato.  Tho  rcxJ.to 
oS  this  ■aorh  nro  no  follouoi 


(1.)  21  holco  drilled  to  cm  avesr^o  depth  of  20  ft.  into  tho 
rmron  rock  fares tlon  adjeesrat  to  tlao  \rcst  end  cf  tho  dm. 

thoflo  holos^  A ?pr ozlrs to  2 y  £C0  ft.  of  2s  ccrcntlng  pipo  ccalad  into 


Iot  <fca. 


O')  Urc«a  Flocrocccnt  Cyo  traced  frea  drill  hole  to  Irak  Lc- 


M  5°°°  fcsc®  cf  osaenft  posted  through  a  tajootloa  heddn  into 

VJJO  iCSK  jCTIC. 


^  .  JJl  !«taG»  ttowgh  the  re *;b  blvff  reduced  fren  300,000  pi^i 
daj  c-  -wo  tart  of  tlio  rrojoot  to  about  90,000  c*llono  per  to  #t 
present  (at  a  63«^  reduotioD)  • 


DETAIL!  CF  IT  ORE 


A.  Phcpa  li  Tost  Drllllnfi 


Threa  tost  holco  voro  drilled  In  tho  ;?oct  bluff  at  tin  Etn  to 
doucrclro  the  character! stlas  of  tho  underlying  rod;  formation,  thorn 
holes  taro  logged  as  f oilers  i  • 


hol/s  Rrabor  Location 

Depth  bclotf  lea  Claractor  of 

of  ctrimns  fluid  Icon  Kook 

i'otten  of 
Uiokcn,  Zeno 
itaj/'T  D«.*a 

1 

50'  2, of  T/.LQLuff 
cn  doa 

20s 

Lira  a Lena , broken 
card  freotuecd 

2U«-0» 

2 

Lee®  of  n.niuff 
cn  dm 

Lire  c  ten  ,brol:sn 
and  fraotured 

27  •-O’ 

3 

P0»  '.t.of  u.liluff 
cn  hill 

3  '-vf 

Llru3aio»n,br„'tk.3a 
end  free  tyred 

Fraa  cn  cimimtlaa 

of  tin  foractien  loj, 

reel;  core  r.arylcaj 

»  end 
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■  P.opn’t  52 


.  t  r  \  c.  v  Jj~.  r  ill' j  .'.0* 


dvilT in/r  fluid  Iccn  dreructerlir.::.  i.  V :»  tor:.;  tnb  1:  7  ;;-?n  :,7  wo/'O  A- onto! 

withia  tho  broken  lines  tons  <..j  LrJ  n;ra  jr.cdijtcd  *y  tho  stain  dujlcjlai. 

TVs  <!r.*llLV>”  field  uncord  yr^.roi  n  completes  lc.to  of  ciicaViMea  no 
coca  ca  tla  Iki.'ntrrj?  r:elr  uvierAyi"-^  tho  d\:  wo  puioirzic-U  No  fluid  .loco 
•r2ii  cc5jsi4cr.cod  tdsiic  drilHri  tJu'ouyh  tho  dm.  itself.  Coro  o'.ploo  cf  tlo 
Ucoatos)  ohowcd  a  bodiy  Iurc!ccn  c.td  fracteod  iiivjctvxj  vilh  nunaroua  coin- 
tloa  cavities  usd  otA'V'.jo  rf  \-ntrr  cvr'dcn.  Coroo  of  <ho  a'cho  vcdaiS:*!?*; 
tho  lirx3txf:3  cheered  a  solid,  Ivy;  f vlons  rA  lucturo  vilcii  would  r.at  bo  o::*- 
ductlvo  to  tho  poisolatlsn  t-l  ru.trrv  Vhl]  j  drilling  tho  drus  iteeXf* 

r.o  chines  of  xaior  Icnol  in  tho  holes  vr:i3  oiacrvocl.  HwGvorj  r.j  e-jcti  &a  bio 
Hnoateno  vzn  pz rxlrotrd,  tin  sbtic  voter  lovol  foil  to  Iho  r.~:.o  election 
to  tho  surface  of  tt©  laLa»  I'jicco  i  rc-cyiicu  1^  E25l2  foi’  eery  ic  tiers. 

Teat  Drilling  Ttcfmlt.s 

Fran  thJLc  Information  lire  foliarlr.;;  sonclualsns  ueru  rutehodi 

1.  !' o  .leakrtco  io  Ciidint  through  Uses  .fill  of  tio  don  itself. 


2.  l.'o  Lc.Vxct!  is  evident  through  bio  co?_id  e!olo  ritich  ur.lsrllsj 
Iha  raj  or  portion  of  tho  lolco  Volos  t!»  IL-icafccivj  dry  eve. 

3.  Tho  1  :^ld.r.o  r.or.rj  tar  rp.p.-vcu?  /y  cjitfir::!  to  tho  Jr-ycra  cf 
brnlxn  lir catena  which  Xerrn  upproxlrvatrly  tho  up -xr  li>  foot  of  roeV  t ardor- 
ii\T  the  lib2. 

I;*  A  conridcvAbl*?  nor  Men  of  this  j.u  :'.n  hur.t  Jl.-.catono 

feur-t.  !d.on  is^S'liataly  :,i-  to  end  u/ulorlyir.;;;  the  aid  C*  >1  v  ■  •  0  C.  .^1 1 


D#  cue i/ruro  nn,v\u 


Curt,Ptr.-..'~i7.1  Cfci-t'.ny,  > 

Kin  procrdui'o  follcrod  in  zero- »surc.'0.’r:fr :i ti up;  tt©  leaking  sa’in:; 
vmr  th-o  cuituj.r:-;;cH  ;;rt;utir.~  tvcls;'’ •’■;?»»  ihto  tca'rsi.mvj  w&u  cotebltd  r'Jl 
assd  perfected  by  tin  U.  d.  furccu  cf  IVoclcer.ticn  throe;; i  yc<\ru  of  CJiyo.icnco 
ccalin^  tlu  iriuC ««s^  nrr pvoilc  dej  !••; svysd  tin 

cc’.m^y .  The  Crard  Cuvlco  li'n  lo  cno  c;r.’-plc  of  this  ty;o  of  -raii:  on  a  i;.,o- 
nandnaa  ccelo.  friuily*  tlo  ciavr.ln«‘~?ll  trchnlqr.c  Jr.volvas  drillir;^  t  oj 
picscvro  consntinc  a  ocrlos  of  holo'!  ccrcca  tho  loaki-,3  artiac.  ioU.cvir^ 
tbic>  lr.tcmc  via  to  holoa  arc  drilled  iud  ccnontod,  isr.d  ti:.lo  ptoco  dues  ccn- 
Unuod  until  a  tlr.ht  curtain  cr.ll  of  ccc.cn b  hhn  been  foicod  in  ;dr.co  ccre-'j 
tho  lcr.h .  i;nf/,rrull.y#  'ho  ruoir.t  of  rodvetien  in  firs;  cry  on.  V;  uy.T.j  tho  tictsfc** 
ccsa  of  thu  ecu.. at  t?sll4  rjid  t;so  c:;lcnt  cf  ita  covcrr.30,  7hJ v  ruduotUn 
tlarefcro  deponds  directly  '.pcj  Ua  quantity  c./l  diotxibutlon  of  conlii^ 
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Report  t>2  Fsxsecuro  Grouting  at  bowling  Orcon,  I'o. 


ce=*nt  whlah  can  bo  cccnaaically  Justified  for  n  Given  situation* 

Croutlng  U'ortt 

To  IrplODCnt  tha  grouting  pregran  oubllnod  abovo,  throo  additional 
operational  phases  waro  addad  to  tho  original  tost  drilling  phnas  1. 

Vbeso  2  lnoludcd  a  tor  lea  of  j.O-fcot  spaced  corxntcd  holco  starting 
at  tho  eastern  end  of  the  li.mofcoro  projection  unlor  tho  rust  end  of  tho  dia, 
and  continuing  rostaard  about  75  ft*  to  tho  bluff.  'fhooo  urcra  holes  1  through  0. 

Pfcosn  3  included  a  ccriea  of  19-foe  t  rpacod  hnlco  starting  at  tho 
bluff  end  extending  ccuth-wsst,  c  dlstanco  of  ft)  ft.  along  tho  uppor  ro?d. 

Those  rare  holes  10  through  17. 

Phase  l\  ir-cludod  a  eerie 3  of  dcoing  lidos  dri!)?!  botroen  Lto  coat 
succor* pful  offerta  In  phsrs  £  and  3.  The 00  woro  holon  10  through  22,  and 
rsro  located  between  holoo  1  through  10. 

Flcnr  Z'ani3Utv~':gitr»>;K> 

'Throughout  Vis  grouting  operation),  dally  roccrdo  vo:o  Ixpt  cf  tho 
total  In  aha  fro  flew  cs  ceecjecd  <r/ur  a  Vcc-nohch  raijr  ir.w  tailed  boles  tho  dtu. 
Periodic  applications  of  Fluorescent  Orren  uyo  nemo  nddsd  to  llx>  drilling 
fluid,  cad  tha  aui r  pond  cheeked  to  daterrir.o  if  t.rj  of  t!io  d*o  cculd  bo  turn¬ 
ed  tv ao  tha  drill-hola  to  tho  Ieohs,  lyo  pieced  in  holo  u‘l  chared  rccegnia- 
abla  green  color  in  tho  pond  bolcr» 

Flrw  RstffPi 

Tho  flow  rafcoa  chozn  in  thin  report  are  correct  for  all  1011:0  flow¬ 
ing  on  tha  North  aids  of  tho  pinp  bcueo  rood.  Tho  figuron  reported  car  liar 
on  prcgrcca  report  ffl  naro  Inter  found  to  CTxlude  a  portion  of  tho  flow 
r.hich  vas  by-peasing  tha  noeauring  rolr  through  on  upatrecn  branch.  Thin  fcy- 
paco  stream  has  new  bu<r*  diverted  eo  that  it  too  flcwo  ever  tho  weir.  Tho 
result  is  tliat  all  previously  reports'!  floor  rates  have  been  adjusted  to  tho 
toovmto  oh/rm  heroin. 

C*  Fhapf.  2 1  Drillin'*  and  Grouting  along  tha  Dap 

A  carles  of  ccncnting  hoJ/’O  vr.13  drilled  on  app roriratety  lOfoot 
cantors  alcr.g  tho  center  lino  of  tho  ton  for  a  distance  of  15  ft.  fiv..a  Vo 
rest  bluff.  AD  holca  wore  drilled  to  tm  overngo  dapth  of  30  ft.  to  assuro 
ocnplcte  prostration  of  tho  broken  for.riition.  After  t!  0  holes  rare  drlllod 
tiail  « seating  pipe  coiled  into  then,  mat  ccair.t  rea  introduced  until  tho 
ferration  refused  cddlticnal  creent  ub  15  lb,  procauio,  Cement  uso  no  os 
fellers  (holes  liotod  in  BCfjunnco  cuot  Vo  root)i 
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Froaauro  Grouting  at  Eonling  Green,  i!o. 


C.  Phaoe  2  contl  n-od 

Hole  Number  Dago  cf  Ge.r,ont  (1  cu.  ft.) 

-  172 

5  65 

1  200 

6  93 

7  192 

Q  Soil 

2  032 

1E91F Total 

Daily  rocorda  of  lo.ikago  ehcuod  t)mt  ccnoidornblo  roductiori  in  flow 
was  accomplished  by  this  work.  Tho  cement  pumped  into  those  I10I03  resulted 
in  a  reduction  of  b?/  in  tho  original  leakago.  Flew  rato  over  tho  measuring 
mjir  Trao  152,000  GPP  at  tho  completion  of  thio  phaso.  1'haco  2  operation  a 
raquired  2  meaka  for  completion. 


D.  Fhano  3t  Drilling  and  Grouting  along  tho  Hoad 

The  oecond  corloa  of  ccr.snting  holes  nero  drilled  on  10  foot 
contoro  along  tho  moat  edgo  of  tho  road  which  3cnd3  to  tho  top  of  tho  moot 
bluff.  Eight  holco  wore  drilled*  numbers  10  tJiru  17,  end  counting  pipo 
oooled  into  each.  Ml  holos  wore  drilled  to  a  depth  of  26  to  50  fcot  to 
aaaure  comploto  penetration  of  the  broken  formation.  After  tho  holoB  woro 
drlllod,  and  coaxnting  pipo  scaled  into  thorn,  noat  comont  wan  introduced  into 
tho  formation.  Tho  poroaity  of  the  rock  encountered  in  thio  aroo  was  00 
great  that  it  was  not  possible  to  build  up  ndoquato  pressuroo  without  con- 
ounlng  much  larger  quantities  of  cement.  Heavy  mixtures,  bontonito,  and 
loot  circulation  material  were  'f  no  value.  Coment  uno  wao  as  follows t 
(holes  liatod  In  ocquonco  otartlng  oloooat  to  the  dcm)t 


>lo  I.’ umbo r 

liago  of  Cemont 

10 

1107 

11 

376 

12 

355 

13 

200 

Ui 

362 

IS 

171 

16 

90 
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rrecruro  to  outing  at  der-lii.,?  error.,  Lo 


Total  reduction  in  IcrJcr.r-i  Her;  f:ran  plaao  3  '-"j  -j  cr.ril  in  c»' -..raricoa 
to  the  craunt  of  cersnt  conavncd.  *I::j  ccacnt  jumped  into  ti/juo  holij  resulted 
in  a  reduction  of  lh.£5  in  tho  ori;  l:i!il  Ionia  nj.  linen  2  epovatUavs  required 
g£jcccks  for  ccqplatiai. 

E,  il-rcc  Ip  c-lcniny,  I'.oloa 

7bo  final  p  lie  go  of  tho  ccuc '.ting  opera  Lion  involved  interne  Unto 
hoi  so  drilled  and  grouted  hitmen  iiolos  1  through  10.  Tho  purpcoo  of  thoaj 
I10I03  ma  to  further  ccal  off  that  cons  of  rock  iraodintoly  underlying  tho 
den  to,  furUvor  incuro  against  pceaLblo  dean  go  in  Lie  av ecu  ThooO  holco  noro 
ccn3idcrcd  to  ho  fLlllnj  in  tho  cupty  opacco  in  tlio  curtain  Trill »  Ail  holes 
rcro  drilled  to  a  depth  of  26  to  Ji  ft.  to  a  r  sura  conploto  penitrotica  of  tho 
broban  formation.  After  th«  holoa  zero  drilled  and  caicntlng  pipo  ce.nlcd  Into 
then,  rent  conent  M3  Introduced  intn  tho  fcraation  unfil  refusal  at  15  poundo 
pressure.  Caezmt  uco  va. a  as  follesra  (holes  in  order  cuvot  to  root)i 


ilolo  mnr.har 

18 

19 

20 


ft»r3  of  Cerent 

3/4 

1/2 

3,31 


ILL 


GD 


leokeca. 


22  re 

mm  otai 

Total  reduction  in  leakage  frau  phuca  li  ws  53  cf 
Hia.ee  U  opci'atiouo  raquired  1  rrcck  for  ceaploticn. 


tho  oristnal 


CGKCMJSIGHfl 


Icahtgo  reduction  by  original  h routing  along  tha  dan  re a  vesy 
cuccacr’ful.  lC?li  f’^ra  cf  ccrant  enured  a  u93  reduction  (lend  ego  reduced 
fTan  2 00,000  GAD  to  152*000  0?D) . 

I 

2.  Lcckego  redi  Lien  he,'  f;rcutlng  along  tho  bill.  road  end  by  inter” 
ncdJL&to  holes  along  Usj  dna  ran  disappointing  1  30li0  tie  go  cf  oacent  caused  a 

19.53  reduction  (lcagcca  finally  reducod  to  52,000  GFD). 

3*  Ernrination  of  t-’io  derms  trace  fnco  of  tha  d&o  indicates  that  tho 
lee.’ui  Till  eh  Lad  been  flirting  free  tfco  feco  of  tho  dca  havo  been  otthar  c  topped 
coqp lately  or  reduced  to  a  voiy  crnill  quantity,  uhilo  lo'd-.a  flowing  out  of  tho 
bluff  froa  50  ft.  treat  of  tho  prap  houao  on  tip  tho  canyon  oro  etill  flexing, 
nltbovgh  at  a  reduced  rats* 

It  con  bo  conolv.-dnd  that,  wiidlo  lenkfiga  hr.o  been  gsnoralJyurnA^sxl 
gr  no  rally  rc&cod  olong  tho  entire  dcrmlrcci  uido,  tin  Tate*  vhieh  lad  bean 
observed  fleeing  frail  bh*j  Iovtc?  fees  of  t-lio  din  laa  been  ?uirgoly  oteppad  or 
redoes  d  to  a  ouffidcnf  y  cr.ill  tuignitudii. 
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'  '-j  ■  I’toav. it.l  -ucjvti*!,;  Gro-on,  Moa 


J«»  •  3b.cc  tho  crohtcat  alecs fc  «*  th-i  crr.u’:  ln.?’  Ir.n  ti-n,  indie  itai 
f  In  tfca’arca  opposite  tbo  hslra  d  W.dd.  nl o^;j  t».3  thicsv’*  C)j  it 

©ppcara  that  U»  tesjaxi ty  e£  t*’?>  JrsLiiga  ‘  that  po**UcuUr  coo  ay  .  •’ 

•  hL.ro  ten  ccjJsd  ciT«  U  «hA»  lr>  trvoj  £;'t*v  it  c'.n  b:>’ ccrolric".  thet  scot 
cC  tto  rarr-iniJv:  Icaiater-t  io  t!»rc..uj’i  t,r>  Br/.<3  of  eriv’coi  c.lcr.j  tho 

.  Mv'flf,  it  iv  psob&S?2r>  that  i'i»  ccjuji'.y  o£  V.\iv,  As 

"fib*  dsopap^laj  IJnoatono  R-r4'.>yjwi>d  .V  bols:»  10  thru  l’u 

t  *  •  .  .  •  *  *  1  •  _  ,•  .  . 

•  ■’  $•  .It  has  boon  ccb:lu3i\T>lr  6r.-in.-itr;'.  Jed  Ahsfc  tba  frirrt’trtd  v*i 
.croticed  eitt  iron-stratod  fcy  hedtta  2.0  itex  11  io  fc.;**  tr-j>  porous  ferx  of festive  '• 
Gxoutinj  ©parailciw  U3ir^  XO-foot  ft^ainr.*  b#try.;.i  fcnl.'W.  ,  To  eo-iX  this  area- 
ciffccllvoly,  it  would  pr  '  iWy  x cciuiro  •  hrtlix  t-ivter,  on  iho  orJoX  of  2-1 eota .  - 
.ulth  3urco  quostitioo  cJf  erttra-hoav/  grout  r.hrtv:r».  This  vc.vJid  vu'iulro  n 
ccnslc’crablo  cjr.cancU.tcro  of  bath  Uboi*  and  biitrinls..  OAnsa  larii-igo  throb gh  .  - 
ihio  care  in  epp.arnntJy  not  eif/coUn;*{  the .&»  ttrottarsj  Pud;  au  Kupcu-it^o  , 
~1&  probably  tot  JaatiHoi  at  tMe  tinai*  .  ■  '  ,  .  !  "  * 

■:  .  •-  ••.•.:  .;■■■  ■  -  "  ■  t.  .. . ,  ,.  •  .:  •■  •; ■’» '  ' 

•  n:/:o'.','i.n;A?:>v:3  .  •  •;*'  ••  •••  ::‘  ■  •>-•.  r  '  .  ..  L 

1»  It  ia  raac^snOoi’.  Viat  ^ryuttnj  cr.‘rratter.a  bo  o’.ispendxd  at  tilts  . 
fcUa*  It  appears  froa  tho  peer  rbjn&Vi  cf  tia  latter  ntr,£:i  c?.’  pi-oatti.^  tiiaV‘‘ 
it  vould  r.ot  bo  cncnanicalXj’  laasD'isblo  to  centinub  ii\o  :»r!c  at  liiia  tica» 

.  ?.*  It  io  eiti3cctcd>- feet"«ycr#  V,r.t  rvn^ti'  vrenbiy  cisaibu  bo  aiZx  «»..'•• 
tho  raaouxlne  mi. r,  end  Uifieo  xcaeUnf.a  bo  roaorJxd  cr.  n  p';r:::;uab  »'«cm2  ,.  ..•  , , 
chost*  It  vdll  probably  bo  nsecosJay  to  llr.-j  t)r*  c£  tao  V'3i*  por4 
TdLtSi  ernifit  or  tcntnr5.to  to  pretert  .  \\ 

3a  It  io  iurthor  6v.c.:pa8;r  J  tluit  r.irio ,;*.o  eb'.df.3  l:o  o:in‘.)r.nxd  ir*  , 
tho  domwtyed.'a  oroa  to  kscu>‘tyacJt  cf  $■«  v.:%ninZr%  2.eal«Ji  . 


■_J<1  y;v  f  -  ■  /({/.  -'.-7^/  1 ,  6  'lyCc/c  i; 

•  /  •/•  •/  /  /" 
/L  t.  e,  f,.  V/  Sl 
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Report,  on  the  Water  I.osn  at  t  ■■  City  of  Howling  Green 

Pike  Counl  y,  Mlssoui  i 


,, 

Reservoir  , 


"■  -V.  ». 


The  Rowling  Green  Municipal  Reservoir  was  visited  on  the  25th  of 
April,  1963,  at  the  request  of  Mr.  Donald  Sissons  Water  Superintendent, 

City  of  Sowling  Green.  Other  personnel  Involved  In  the  Investigation  in¬ 
cluded  Mr.  Heckman,  I.ayne  and  Western;  Mayor  Willard  Middleton,  Mr. 

Bankhead  and  Dr.  Wilcox  of  the  City  l’uhllc  Works  and  the  custodian  of 
the  lake  site.  In  1959  approximately  300,000  gallon  per  day  water  loss 
had  been  reduced  almost  5011  bv  grout  holes  completed  by  I.ayne  and  Western. 
Grouting  was  done  to  some  extent  on  the  eastern  abutment  and  extensively 
on  the  west  abutment.  Grout  holes  extended  froir.  the  western  edge  of  the 
dam  westward  onto  the  rock  abutment  and  were  spaced  on  10  foot  centers. 
Grouting  was  done  at  15  pounds  pressure.  However,  In  the  early  part  of 
April  1963,  active  water  loss  wan  noted  in  the  western  abutment  where 
one  or  more  openings  were  draining,  approximately  200,000  gallons  a  day 
out  of  the  reservoir  which  is  almost  equal  to  the  amount  used  by  the  city 
for  municipal  purposes.  The  water  loss  as  observed  In  the  present  In¬ 
vestigation  war.  occurring  along,  tne  water  line,  approximately  790  feet  In 
elevation,  which  is  10  feet  above  the  Bur  1 lng ton-llnnnlbal  contact.  This 
Is  the  approximate  level  of  water  loss  that  lias  been  noted  In  previous 
years . 

Since  the  grouting  done  by  Lnyne  and  Western  had  not  completely  halted 
the  water  loss,  and  from  the  present  appearance  of  this  loss  in  April,  It 
appears  that  water  Is  moving  around  the  grout  curtain  toward  the  Interior 
of  the  abutment  and  then  reappear  ing  on  the  downstream  side.  Water  is  not 
seeping  through  the  grout  curtain  which  had  been  completed  by  La>ne- 
Kestern.  Therefore,  if  the  grout  curtain  had  been  extended  further  Into  the 
abutment  toward  the  west  the  water  loss  might  have  been  stopped.  This 
would  have  been  an  additional  expense  which  the  city  did  not  wish  to  under¬ 
take.  On  the  basis  ot  cost  and  present  water  loss  conditions  it  was 
decided  that  the  line  of  present  water  loss  along  the  western  edge  of  Lhe 
dam  be  cleaned  by  bulldozers  or  similar  equipment.,  and  a  cement  apron  be 
poured  over  this  area  of  loss.  'the  apron  would  reach  from  about  5  feet 
below  the  present  water  line  which  would  he  approximately  5  feet  above  the 
Bur  1 lng ton-llnnniba 1  contact,  and  extend  upward  above  the  water  line  to 
approxima te 1 y  10  feet  above  the  rone  of  water  Joss.  It  was  noted  that 
this  apron  of  cement  should  be  p.  ured  on  a  compacted  cushion  ol  coarse 
graded,  approximately  2  inch  diameter,  crushed  rock.  This  rock  should 
contain  no  fine  material  since  its  purpose  Is  to  aid  In  free  drainage  of 
subsurface  water  underneath  the  concrete.  In  addition,  perforated  rein¬ 
forcement  pipes  would  be  driven  vertically  Into  the  ground  and  would  act  as 
a  stabilizing,  Influence  plus  an  ild  in  draining  accumulated  waters  from 
underneath  the  concrete  apron.  rhe  concrete  apron,  which  would  average 
approximately  8  inches  thick,  will  be  reinforced  by  wire  mesh. 
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A  considerable  amount  of  fluorescein  dye  was  poured  Into  the  water 
loss  holes,  but  the  dye  did  not  reappear  during  the  time  of  investigation 
on  the  downstream  side.  Water  was  flowing  at  the  rate  of  130,000  gallons 
per  day  in  the  downstream  area  of  the  dam  from  the  western  abutment,  but 
apparently  this  water  must  pond  within  the  broken  rock  of  the  western 
abutment  and  does  not  reappear  downstream  immediately  after  disappearance 
in  the  water  loss  holes  along  the  margin  of  the  lake  near  the  dam  and 
abutment.  It  is  not  believed  that  water  loss  occurs  further  upstream  in  the 
lake  area  inasmuch  as  the  original  investigation  indicated  that  the 
Bur  1 ing ton-l!annibn 1  contact  here,  as  it  does  regionally,  develops  a  perched 
water  table.  Numerous  springs  occur  at  or  above  the  Bur  1 ing ton-Hanniba 1 
contact  which  reflect  the  ponding  of  the  Hannibal  held  ground  waters  that 
appear  when  this  contact  is  cut  by  present  drainage  channels.  Therefore, 
this  groundwater  within  the  basal  Burlington  limestone  would  aid  in  recharge 
of  the  reservoir. 


May  1,  1963 


Tamos  II.  Williams 

(  mio  »•  4  no  Port  1  1  e  f- 


( 
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KNGiriKKRiun  r.i.oi/K.ic  ritort  on  city  aaki:  siti: 


Pike  County,  Mo. 

I/TCATin:  1 :  CWl4 ,  Sec.  20,  T.  r>3  ’I.  ,  R.  2  VJ.  ,  Howlin')  C.i  cnn  Quadrangle. 

a.<2i>v.ic  ; 

Kop-orta  on  tho  geologic  netting  have  boon  eomplotod  on  prcvloun  exaninationo. 

Those  mo  attached  lor  review  if  doolici. 

R,  xor:  tir:  at  i  oms  : 

The  lea):,  although  noriour.ly  affecting  reservoir  storage,  in  not  a  harnrdoun 
condition  to  tho  dam  structuro.  Thero  i«  no  indication  from  a  geologic  aspect 
tliat  tlio  dam  io  being  weakened  by  tha  loakago.  Ao  dencribod  previously,  tho  leak¬ 
age  lo  considered  to  bo  water  irovomont  through  tho  lower  portion  of  tho  Burlington 
Linootono.  It  irovoo  through  tho  aljutmont  on  tho  west  (left)  side  of  the  don.  It 
dais  not  movo  through  tho  earthen  dam  or  at  tho  contact  of  tho  dan  and  abutment. 

The  examination  on  17  duly  157(j,  nhoved  no  evidence  of  any  tvpo  of  structural  woak- 
nccu  of  the  dan.  An  could  be  remembered  fron  previous  examinations  thero  in  no  ap¬ 
parent  Increase  In  leakage.  Rattier  ns  mentioned  by  t'r.  Haley  during  tho  examination, 
lcakago  gradually  deminiahon  sg  water  level  reduces. 

Tho  gradual  reduction  in  leakage  ns  v’ator  level  reduces  la  corn-on  in  this  setting. 
Tho  volume-  of  water  being  lost  decreases  as  the  head  Is  lessened.  Also  tho  volume 
of  water  in  tho  surrounding  bedrock  in  lore  due  to  cessation  of  rainfall. 

Attempts  to  repair  this  leak  nee  are  difficult  Tho  Burlington  hleogtose  i- 
not  broken  liy  uniforsn  vertical  and  horizontal  fractures.  Rather  tlio  oponingg  aro 
random.  Grouting  is  ono  method  that  is  used  to  attempt,  to  seal  those  openings.  If 
the  drilling  offorts  arc  fortunate,  tho  grout  injected  into  the  drill  holes  will 
find  a  bedrock  opening  in  which  wator  in  moving.  However,  uoro  common  occur run con 
uru  that  such  holes  or  at  least  portions  of  tho.se  holes  are  missed  during  tho  orout- 
ing  operation.  Rinco  tho  holoo  do  not  interconnect,  it  is  difficult  to  goal  all 
of  them. 

Plans  to  excavate  tlio  area  of  tho  present  loakagc  and  backfill  with  cement  in 
tlio  best  nlternatlvo  in  thin  tyjvi  of  a  nltuntlon.  By  opening  the  area  where  the 
present  leakage  is  occurring,  a  noi o  direct  access  to  the  water  loss  openings  should 
be  obtained.  Tills  offern  tho  opportunity  to  place  cement  directly  into  at  least  one 
of  the  holes  causing  leakage  from  tho  lake.  It  is  nuggnste  1  that  the  grout  placed 
bo  mostly  a  oond-cemont  rdxturo  rather  than  including  excessive  amounts  of  aravol 
aggregntt.  Because  tho  cement  will  bo  frea  falling,  thero  will  lie  seeregation  of 
tho  cement  from  tlio  gravel  at  least  in  the  beginning  of  tho  effort  to  n-^al  this  area. 
T)iln  negrogntior.  of  cement  fron  tho  gravol  could  cause  temporary  bloc'- age .  This 
temporary  blockage  may  liavo  tlio  same  results  as  previous  att-c r->tg  in  sealing  the 
area  with  gravel  an-rl  clay.  noth  will  ten->orarilY  reduce  the  lonh.sno,  but  over  an 
extended  period,  tho  real  will  detori orate. 
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Thoro  io  no  guarantee  that  thin  surrogated  nothoi  will  bo  totally  nuccom  f  ul . 
It  doeo  havo  the  favorable  napoct  that  nt  leant  one  known  opening  can  bo  aoalad. 

|  There  nay  bo  only  one  lrr.>ortant  opening  and  the  plugging  of  thin  liolc  could  holp 
itunonooly.  While  It  ia  uni  Holy  there  In  only  one  point  nf  water  lone.  It  la 
urged  that  the  attempt  to  e^il  he  made.  The  Indications  are  that  it  will  at  least 
|  have  moderate  nnoooss  at  a  rol at.lvol y  rediv'd  coat. 


Or.  J.  Hadley  Williams,  Chief 
Apnllod  bnqinoering  r.  Urban  Geology 
Minnouri  Geological  Survey 
July  25,  1975 

Jack  llnloy 
Water  Suportlndent 
City  Utilities 
Bowling  Green,  Mo.  63334 

I.vorott  Baker 

P'.TR  Ilicor.  regional  Office 

P.  O.  Box  409 

Macon,  Mo.  63552 
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HYDRAULICS  AND  HYDROLOGIC  DATA 


Design  Data:  From  (.Contract  Drawings  and  Yield  Measurements. 

Lxperience  Data:  Hydraulic  Design  computation  from  Chas.  A. 
flask  Ins  was  used  to  compute  spillway  rating  curve,  elevation- 
surface  area-storage  rclat ionahip,  watershed  area,  etc. 

We  obtained  some  information  from  Mr.  Jack  Haley  who  is  the 
water  superintendent  of  Bowling  Green.  According  to  Mr.  Haley, 
the  maximum  depth  above  the  spillway  crest  (elev.  795.0)  has 
been  3  to  4  ft  in  1972  and  1973.  Normally,  the  spillway  operates 
only  during  the  spring  runoff.  A  restriction  at  the  entrance 
of  the  spillway  approach  channel,  caused  by  a  roadway  that  passes 
through  the  dam  and  some  big  trees,  was  analyzed.  The  cross  sec¬ 
tions  taken  by  surveying  the  area  indicate  that  this  restriction 
will  reduce  the  discharge  capability  of  the  spillway,  mainly  dur¬ 
ing  low  flows.  Nevertheless,  we  recommend  that  those  trees  should 
be  cut  and  the  approach  channel  entrance  maintained  clear. 

V i sua 1  Inspection:  At  the  time  of  inspection,  the  pool  elevation 
was  790.52,  about  4.68  ft  below  normal  pool  (elev.  795.0). 

Overtopping  Potential:  Flood  routings  were  performed  to  determine 
tiie  overtopping  potential.  Since  the  dam  is  of  intermediate  size 
with  a  high  hazard  rating,  a  spillway  design  storm  of  100  percent 
Probable  Maximum  Flood  was  prescribed  by  the  guidelines.  The 
PMF  is  defined  as  the  flood  discharge  that  may  be  expected  from 
the  most  severe  combination  of  critical  mcteorologic  and  hydrolo¬ 
gic  conditions  that  are  reasonably  possible  in  the  region.  The 
watershed  drainage  and  the  reservoir  surface  areas  were  obtained 
from  the  hydraulic  computation  and  checked  by  planimctering  the 
U.S.G.S.  15  min.  Bowling  Grccm,  Mo. -Ill.  quadrangel  map.  The 
storage  volume  was  also  obtained  from  the  hydraulic  computation. 

A  5  min.  interval  unit-graph  was  developed  for  the  water¬ 
shed  which  resulted  in  a  peak  inflow  of  2789  c.f.s.  and  a  time 
to  peak  of  15  min.  Application  of  the  probable  maximum  rainfall, 
minus  losses,  resulted  in  a  flood  hydrograph  peak  inflow  of  12,302 
c.f.s.  Rainfall  distribution  for  the  24  hour  storm  was  according 
to  LM  1110-2-1411. 

Considering  all  factors,  the  combination  of  dam,  spillway 
and  storage  is  not  sufficient  to  pass  the  PMF'  without  overtopping 
the  embankment.  The  crest  elevation  of  801.0  ft  would  be  over¬ 
topped  by  2.24  ft  at  flood  pool  elevation  803.24  ft. 

Fifty  percent  of  the  PMF  was  routed  through  the  spillway. 

The  resultant  maximum  pool  elevation  was  801.41  ft,  which  is 
0.41  ft  above  the  crest.  The  portion  of  the  PMF  that  will  just 
reach  the  top  of  dam  is  about  45  percent,  which  is  greater  than 
the  100  year  flood  event.  For  additional  information,  see  the 
"Summary  of  Dam  Analyses"  on  Sheets  3  and  4. 
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OVPRTOPPI NO  ANA I. VS  I '  POR  BOWLING  PREEN 

INPUT  PARAMETERS 

1.  Unit  Hydrograph  -  SCS  Dimensionless  -  Plood  Hydrog raph 

Package  (HPC-1);  Dam  Safety  Version 
Was  Used. 

Hydraulic  Inputs  Arc  As  follows: 

a.  Twenty-four  Hour  Rainfall  of  25  Indies 
Tor  200  Square  Miles  -  All  Season  fnvclopc 

b.  Drainage  Area  =  900  Acres; =  1.40  Sq.  Miles 

c.  Travel  Time  of  Runoff  0.55  Hrs.;  Lag  Time  Q ,  2  llrs. 

d.  Soil  Conservation  Service  Runoff  Curve  No.  80  (AMC  III) 

e.  Proportion  of  Drainage  Basin  Impervious  0.05 

2.  Spillways 

a.  Primary  Spillway:  Concrete  Weir  Trapezoidal  Section 
(.Crest  P  lev .  795.0)  Length  =  40  ft.  Side  Slope  1:1  C  =  5. 

b.  Hmcrgcncy  Spillway:  None 

Length  _  PL.;  Side  Slopes  _ _ ;  C  = 

c.  Dam  Overflow 

Length  645  Pt .  ;  Side  Slopes  Vert  ;  C  =  5 . 0 

Note:  Spillway  Rating  Curve  Computed  by  Hanson  Engineers. 

Data  Provided  to  Computer  on  Y4  and  Y5  Cards. 

SUMMARY  OP  DAM  SAPP.TY  ANALYSIS 

1.  Unit  llydrograph 

a .  Peak  -  2_7  89_  c . f . s. 

b.  Time  to  Peak  15  Min. 

2.  Plood  Routings  Were  Computed  by  the  Modified  Puls  Method 
a.  Peak  Inflow  (sec  Sheet  6  ) 

501  PMP  6,151  c.f.s.;  1001  PMP  12,302  c.f.s. 
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h. 


Maximum  Reservoir  elevation 


50".  I’M l;  801 .41  100".  PMP  805.24 

c.  Portion  of  PM1:  That  Kill  Reach  Top  of  Dam 
45  % ;  Top  of  Dam  Kiev.  80]..  0  !:t  . 

3.  Computer  Input  and  Output  Data  Sheets  5 _  and  _6 
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